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Abstract
Purpose  Anakinra is a recombinant human interleukin-1 receptor antagonist primarily administered by 
subcutaneous injection for the treatment of autoinflammatory conditions. Intravenous use of anakinra is only sparsely 
described in the literature. The aim of this study was to assess the safety of intravenous use of anakinra in a cohort of 
pediatric patients.

Methods  This is a multicenter, retrospective cohort study. All patients who received intravenous anakinra from 
January 1st, 2017, to February 29th 2024 were enrolled. Collected data comprised: demographic characteristics, 
underlying clinical conditions, infusion-related data, anakinra-related adverse events and clinical response.

Results  The case series included 113 patients: 64 (56.6%) with underlying rheumatologic diseases, 27 (23.9%) with 
onco-hematologic diseases, 22 (19.5%) with severe systemic infections. Fifty-nine patients (52.2%) were admitted to 
intensive care units. The intravenous anakinra dose ranged from 2 to 20 mg/kg/day, and treatment duration ranged 
from 1 to 80 days. Adverse events were observed in 10 of 113 treated children (8.8%). The most common events were 
transient elevation of liver or pancreatic enzymes in seven patients (6.2%) and maculopapular rash in two patients 
(1.2%). One patient (0.9%) experienced an anaphylactoid reaction immediately after the infusion. Sixteen patients 
(14.2%) died. Among those who died, ten were receiving ongoing anakinra treatment, with a median treatment 
duration of 27 days (range 2–42), while six patients had discontinued the drug several days earlier.

Conclusion  Intravenous administration of anakinra appears to be safe and not associated with severe adverse 
events. Reported side effects were transient, not life-threatening, and resolved either with specific treatment or after 
drug discontinuation. Intravenous anakinra may therefore be considered a safe therapeutic option for selected life-
threatening acute clinical conditions.
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Introduction
Anakinra is a recombinant human interleukin-1 (IL-1) 
receptor antagonist that blocks the action of IL-1, a cyto-
kine that plays a central role in innate immune activation 
and in the immune responses to foreign antigens.

In pediatrics, anakinra has been approved by the Food 
and Drug Administration (FDA) for the treatment of 
rheumatoid arthritis, neonatal-onset multisystem inflam-
matory disorder (NOMID), and deficiency of IL-1Recep-
tor Antagonist (DIRA) [1]. In addition, the European 
Medicines Agency (EMA) has approved its use for Still’s 
Disease [2].

IL-1 overactivation is implicated in the pathogenesis 
of several chronic inflammatory conditions [3] includ-
ing idiopathic recurrent pericarditis, genetically unde-
fined autoinflammatory diseases, and gout flares, as well 
as in acute inflammatory conditions such as macrophage 
activation syndrome (MAS), multisystem inflammatory 
syndrome in children (MIS-C), cytokine release syn-
drome (CRS), severe COVID-19, and sepsis [4–8] where 
anakinra may play a therapeutic role.

The recommended route of administration of anakinra 
is subcutaneous; however, in acute and severe clini-
cal settings requiring higher dosages, the subcutaneous 
route may be suboptimal. In these situations, achieving 
adequate drug concentrations can be challenging, and 
the presence of edema and/or anasarca - common in 
critically ill patients – may further impair drug absorp-
tion despite multiple daily injections [9]. This is sup-
ported by pharmacokinetic data showing that maximum 
plasma concentration (Cmax) of anakinra is 24–29 times 
higher following intravenous administration compared 
with subcutaneous injection [10], while the time to reach 
Cmax after subcutaneous administration ranges from 
3.7 to 4.3 h [11]. The intravenous half-life of anakinra is 
shorter than that observed with subcutaneous adminis-
tration, with an estimated terminal half-life of approxi-
mately 2.64 h versus 4–6 h, respectively [10]. The faster 
elimination and shorter washout time associated with 
intravenous administration may be advantageous in situ-
ations where infection is a concern, as treatment can be 
discontinued more rapidly [10]. Furthermore, intrave-
nous administration allows higher peak concentrations to 
be achieved more quickly [11].

Despite these advantages, the intravenous use of 
anakinra remains poorly documented in clinical practice. 
The safety profile of intravenous anakinra was first evalu-
ated in 1992 by Granowitz et al., who administered doses 
ranging from 1 to 10 mg/kg to 25 healthy adults, observ-
ing no differences in homeostasis or laboratory param-
eters compared to saline-treated controls [12]. In 1993, 
14 healthy adult volunteers received anakinra following 
intravenous administration of Escherichia Coli endo-
toxin, demonstrating potential benefits in sepsis without 

observed side effects [13]. The first randomized control 
trial in adults was published in 1994 by Fisher et al., dem-
onstrating safety and tolerability in 99 patients with sep-
sis or septic shock [14]. These findings were subsequently 
confirmed in a larger cohort of 893 adult patients with 
sepsis treated with an initial anakinra dose of 100 mg/
day [8], and in further studies by the same group [15]. 
Although these studies demonstrated good tolerability, 
no survival benefit was shown.

Initial pediatric reports focused on subcutaneous 
anakinra for the treatment of macrophage activation syn-
drome (MAS) or hemophagocytic lymphohistiocytosis 
(HLH) [16], with subsequent expansion to other rheuma-
tologic conditions such as Kawasaki Disease [17]. Given 
the limitations of subcutaneous administration in criti-
cally ill patients and evidence of improved blood-brain 
barrier penetration with intravenous administration, 
the intravenous route has gained increasing relevance in 
pediatric practice [9, 18].

Retrospective reports have described intravenous 
anakinra use in patients with MAS at doses of 2 mg/kg 
per dose (max 100 mg every 12 h) or higher (up to 100 
mg every 6 h) in patients already receiving chronic sub-
cutaneous anakinra [19]. Transient elevations in liver 
enzymes were reported, with no cases of anaphylaxis. 
Mortality rate was 26.3% occurring in patients with 
severe underlying conditions, refractory disease, or prior 
immunosuppressive therapy.

Yang et al. reported the use of intravenous anakinra in 
14 pediatric patients with MIS-C, HLH, systemic juvenile 
idiopathic arthritis (sJIA) and other hyperinflammatory 
conditions at doses of 2–3 mg/kg every 12 h for a mean 
duration of 3.5 days, without reported adverse events 
[20].

Licciardi et al. observed transient transaminases eleva-
tion in 30.8% of 13 cases of MIS-C patients treated with 
intravenous anakinra, compared with 9.1% of those 
treated subcutaneously [18, 21]. Other reported adverse 
events include injection-site (with subcutaneous admin-
istration), headache, hypercholesterolemia, increased 
infection risk, neutropenia, thrombocytopenia, allergic 
reactions, transaminases elevation, and rash.

During the COVID-19 pandemic, intravenous anakinra 
was approved for hyperinflammatory conditions related 
to SARS-CoV-2 infection [2], with safety and efficacy 
rapidly documented in adults with moderate-to-severe 
COVID-19 and pulmonary involvement [22]. Its use was 
also reported in refractory pediatric MIS-C. In a study 
by Caglayan et al., including 378 patients, 82 received 
anakinra in combination with immunoglobulins and cor-
ticosteroids, 12 of whom were treated intravenously, with 
a favorable safety profile [23]. Additional studies con-
firmed good safety in pediatric MIS-C patients treated 
with intravenous anakinra [6, 24].
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The primary aim of this study was to evaluate the safety 
of intravenous anakinra in a large pediatric cohort with 
inflammatory conditions. A secondary aim was to assess 
clinical response where data were available.

Materials and methods
This multicenter retrospective cohort study included all 
patients under 18 years of age who received intravenous 
anakinra between January 1st, 2017, and February 29th 
2024 at five tertiary centers: Institute for Maternal and 
Child Health, IRCCS “Burlo Garofolo”; Division of Rheu-
matology, IRCCS Ospedale Pediatrico Bambino Gesù; 
Unit of Rheumatology and Autoinflammatory Diseases 
of IRCCS Giannina Gaslini; Rheumatology Unit, IRCCS 
Anna Meyer, ERN ReCONNET Center, NEUROFARBA 
Department, University of Florence and Pediatric Clinic 
of ASST Spedali Civili and University of Brescia.

Patients were identified through hospital pharmacy 
records documenting off-label anakinra dispensing. 
Treatment decisions were made by the attending phy-
sician based on clinical indications. In this cohort, the 
decision to administer anakinra intravenously rather than 
subcutaneously was based on the need to treat acute con-
ditions, to use high drug doses to achieve elevated serum 
levels rapidly, and often for many consecutive days. Since 
the intravenous route of administration was consid-
ered an off-label prescription, in all patients, a favorable 
opinion was obtained from the local or hospital ethics 

committee for the use of anakinra in modalities outside 
of those regulated and approved.

The study was approved by the Institutional Review 
Board (IRB) of the coordinating center IRCCS Burlo 
Garofolo (IRCCS Burlo Garofolo-03/2020); According to 
Italian legislation, given the retrospective nature of the 
study and the maintenance of patient anonymity, obtain-
ing informed consent is not required.

Collected data included: demographic characteristics, 
underlying clinical conditions, infusions details (dosage; 
duration; concomitant therapies), adverse events and 
clinical response.

For patients with underlying immunorheumatologic 
conditions, clinical improvement was defined as recov-
ery from the ongoing acute condition. In the remain-
ing patients, clinical improvement was defined based 
on the effect observed on the underlying indication for 
anakinra administration, namely the hyperactivation of 
systemic inflammation occurring in the context of infec-
tious or onco-hematologic conditions. Accordingly, clini-
cal improvement was considered to be an amelioration of 
vital signs, laboratory parameters, and baseline clinical 
status, as assessed by the treating physician.

Laboratory parameters were not systematically ana-
lyzed in their entirety; however, all abnormalities poten-
tially attributable to the drug were carefully evaluated.

Results
A total of 113 patients were enrolled; 69 were male (61%) 
and 44 were female (39%). The mean age at initiation of 
anakinra treatment was 7.62 years (6-1783 days). In all 
patients, the use of intravenous anakinra was supported 
by clinical and laboratory evidence of an hyperinflam-
matory syndrome. Among these patients, 64 (56.6%) had 
immune-rheumatologic diseases, 27 patients (23.9%) had 
hemato-oncologic conditions, and 22 patients (19.5%) 
presented with hyperinflammation in the context of a 
documented infection. Fifty-nine patients (52.2%) were 
admitted at intensive care units (ICUs), and 54 of them 
were already in the ICU before starting anakinra. The 
main underlying conditions and indications for intrave-
nous anakinra are summarized in Table 1.

Intravenous anakinra administration and concomitant 
immunomodulatory therapies
The median intravenous anakinra dose was 8.2  mg/kg/
day (range 2–20  mg/kg/day), and the median treatment 
duration was 20 days (range 1–80 days). Ninety-one 
patients (80.5%) received concomitant glucococorticoids, 
and 29 (25.6%) were treated with intravenous immuno-
globulins. Only four patients (3.5%) did not receive any 
additional immunomodulatory therapy during anakinra 
treatment.

Table 1  Clinical conditions that needed intravenous treatment 
with anakinra
Diseases treated with IV anakinra Num-

ber of 
patients 
(n = 113)

MIS-C 35

HLH (without infectious subset) 15

HLH (during sepsis) 9

HLH (during localized infection) 6

Sepsis (without HLH) 2

MAS 11

Disseminated infectious diseases (non-bacterial) 5

Kawasaki disease 7

Pericarditis 2

Periodic-recurrent fever 7

Sistemic JIA 2

IL-6 in cerebrospinal fluid 1

GVHD/engraftment syndrome 5

Anti-inflammatory effect during blinatumomab-induced 
hyperinflammation syndrome

2

Hyperinflammation (oncological setting) 4
MIS-C = Multisystem inflammatory syndrome in children; HLH = 
Hemophagocytic Lymphohistiocytosis according to the HLH-2004 criteria,  MAS 
= Macrophage Activation Syndrome referring to secondary form of HLH 
occurring in the context of rheumatologic diseases, JIA = Juvenile Idiopathic 
Arthritis; GvHD = Graft versus Host Disease.
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Adverse events and clinical response
Adverse events were observed in 10 out of 113 children 
(8.8%). Five patients required discontinuation of the 
anakinra infusion due to adverse events that could not 
be otherwise managed, and treatment was not resumed 
either intravenously or subcutaneously. In this sub-
group, the median anakinra dose was 9.5  mg/kg/day 
(range 3–15  mg/kg/day). Specifically, the three patients 
who developed infusion reactions requiring treatment 
discontinuation had received doses of 3  mg/kg,10  mg/
kg and 10  mg/kg respectively; two of them had previ-
ously received subcutaneous anakinra as chronic therapy 
or on-demand therapy. These cases are summarized in 
Table 2.

Sixteen patients (14.2%) died. Among them, ten were 
receiving ongoing anakinra treatment, with a median 
treatment duration of 27 days (range 2–42), while six had 
discontinued the drug several days earlier. None of the 
deaths were attributed to anakinra administration. The 
clinical characteristics of deceased patients are summa-
rized in the Table 3. According to the treating physician’s 
assessment, 97 patients (85.8%) showed a clinical and/or 
laboratory improvement after initiation ok anakinra.

Subgroup analysis
Patients were stratified according to the underlying 
clinical condition for which intravenous anakinra was 
administered.

Patients with immune-rheumatological conditions
Patients with immuno-rheumatological conditions rep-
resent the largest subgroup including 64 patients. HLH, 
MAS, Kawasaki disease, and MIS-C were defined accord-
ing to established diagnostic criteria [25–27]. The median 
age at treatment initiation was 8.4 years (range 0.75-16 
years), and 34 patients (54%) were treated in the ICU.

The mean anakinra dose was 8.38  mg/kg/day (range 
2.2–20 mg/kg/day), with a mean treatment duration of 17 
days (range 1–80 days).

Adverse events included transient transaminase eleva-
tion in three patients (4.7%), skin rash in two (3.1%), 
hypotension and vomiting in two (3.1%), and transient 
amylase elevation in one (1.6%). Five patients discontin-
ued treatment due to adverse events.

Recovery was documented in 58 patients (92%) accord-
ing to treating physician. Three patients (4.7%), showed 
no clinical improvement, while 2 (3.1%) experienced 
partial improvement. No deaths were reported in this 
subgroup.

Patients with hemato-oncologic conditions
Twenty-seven patients had underlying hemato-oncologic 
diseases. The median age at treatment initiation was 6.5 
years (range 1–17 years), and ten patients (37%) required 
ICU admission.

The mean anakinra dose was 6.28  mg/kg/day (range 
1–10  mg/kg/day), with a mean treatment duration of 
20.19 days (range 4–79 days). No adverse events were 
reported.

Clinical improvement was observed in 22 patients 
(84,6%). In one case, response was not evaluable due to 
early death. Six patients (22%) died as a result of compli-
cations related to the underlying disease.

Patients with infectious diseases
Twenty-two patients developed hyperinflammatory syn-
dromes in the context of infections; 11 had sepsis com-
plicated by HLH. The mean age was 4.5 years (range 
1.5–14 years). The mean anakinra dose was 8.58  mg/
kg/day (range 4–15  mg/kg/day), and the mean treat-
ment duration was 25.33 days (range 1–60 days). Three 
patients (13.6%) developed adverse events, consisting of 
transient elevation of liver enzymes. Five patients (22.7%) 
were treated in the ICU, and ten patients (45.5%) died. 
Among those who died, five had congenital, acquired, or 
iatrogenic immunodeficiency, and one had cystic fibro-
sis. Eleven patients (50%) showed clinical improvement 
according to the treating physician.

Discussion
The primary aim of this study was to evaluate the safety 
of intravenous anakinra in a large pediatric cohort by 
analyzing reported adverse events. We collected data 
from 113 patients treated across five centers over a 
seven-year period.

Adverse events were observed in 8.8% of patients, 
a higher proportion than reported in previous stud-
ies, which generally included smaller sample sizes. 
Direct comparison is challenging, as many prior reports 

Table 2  Side effects reported during intravenous anakinra administration
Side effect Number of cases reported Intervention required for 

resolution
Transient elevation of liver or pancreatic enzymes 7/113 (6.2%) 2 patients discontinued the treatment.

In 5 patients spontaneous resolution.

Maculopapular rash 20 min after the infusion 2/113 (1.7%) Treatment discontinuation

Hypotension and vomiting at the beginning of the infusion 1/113 (0.9%) Intravenous administration of antihis-
tamine and glucocorticoids in addi-
tion to treatment discontinuation
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combined patients treated with intravenous and subcu-
taneous anakinra without distinguishing adverse events 
by route of administration. To our knowledge, this repre-
sents the largest pediatric cohort treated exclusively with 
intravenous anakinra.

The most frequent adverse event - the transient trans-
aminases elevation - occurred less frequently in our 
cohort than in the study by Licciardi et al. (6.2% vs. 30.8%) 
[21]. This difference may reflect the exclusive inclusion of 
MIS-C patients and the smaller sample size in that study. 
In patients with MAS or HLH, transaminase elevation 
occurred in11.1%, a higher rate than reported by Phadke 
et al. (5.26%) [19].

Two cases of maculopapular rash (1.7%) were observed 
and resolved after treatment discontinuation. Both 
patients recovered fully. Apart from injection-site reac-
tions, systemic skin rash has been very rarely reported 
with subcutaneous anakinra [22]. One patient experi-
enced an immediate post-infusion reaction characterized 
by fever, urticaria, hypotension, and vomiting, consistent 
with an anaphylactoid reaction. This resolved after drug 
discontinuation and administration of an antihistamines 
and glucocorticoids and has not been previously reported 
in the literature. Neutropenia, previously described as 
a potential adverse event [9], was not observed in our 
cohort.

Among patients who experienced adverse events, only 
two of the three patients who required discontinuation 
due to immediate reactions had prior exposure to subcu-
taneous anakinra. Although previous exposure followed 
by a drug-free interval could theoretically favor sensitiza-
tion, this hypothesis requires further investigation.

Mortality among patients treated with intravenous 
anakinra for MAS/HLH has been reported at approxi-
mately 26.3% [28], whereas mortality in our cohort was 
slightly lower (19.5%). No deaths occurred among MIS-C 
patients, died, despite reported mortality rate of 1.4–1.7% 
[23]. Patients with infection-associated hyperinflamma-
tion showed the highest mortality, likely reflecting severe 
baseline clinical conditions, ICU admission, and underly-
ing immunodeficiency. In this group, a high percentage of 
patients started anakinra in ICU suggesting a significant 
pre-existing impairment. Furthermore, 5 of the deceased 
had congenital, acquired, or iatrogenic immunodefi-
ciency, and one patient was affected by cystic fibrosis, all 
conditions that predispose to infections, comorbidities, 
and inherently increase the baseline mortality of affected 
individuals especially during acute events.

Despite higher mortality in this subgroup, adverse 
events rates were comparable to those observed in the 
overall cohort, supporting the hypothesis that deaths 
were primarily related to disease severity rather than 
anakinra toxicity.
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As a secondary outocome, clinical improvement was 
observed in 85.8% of patients, particularly among those 
with immune-rheumatologic conditions. Improvement 
rates were 94.3% for MIS-C, 50% for HLH, and 100% for 
MAS, compared with previously reported improvement 
rates of approximately 80% in MAS treated with intrave-
nous anakinra [24]. We observed a lower mortality rate 
compared to those reported for the main categories of 
treated diseases (MIS-C, HLH, MAS).

The strengths of this study include its multicenter 
design and large sample size. To our knowledge, there are 
no data on the use of intravenous anakinra in pediatric 
patients with different diseases. However, its retrospec-
tive nature and the wide heterogeneity of the underly-
ing represent important limitations, partially addressed 
through subgroup analysis.

Limitations of the study
This study has several limitations, including the hetero-
geneity of the cohort, although analyses were also per-
formed within the context of the various subgroups for 
the purpose of overcoming this limitation. The heteroge-
neity of the cohort, the concomitant use of other immu-
nomodulators and the absence of a group of patients 
with similar characteristics treated with subcutaneous 
anakinra makes it very difficult to evaluate its efficacy, 
even if it is a secondary outcome. Furthermore, labora-
tory data for individual patients and the specific effects 
of anakinra were not available; however, we reported all 
instances in which potentially attributable changes were 
observed.

Conclusion
The intravenous use of anakinra in pediatric patients may 
represent a more manageable alternative for the treat-
ment of certain life-threatening acute clinical conditions, 
allowing the administration of higher drug doses even in 
critical care settings. Intravenous anakinra, at doses rang-
ing from 2 to 20  mg/kg/day, appeared to be safe in our 
patient cohort. Adverse events were transient or phar-
macologically manageable. Deaths occurred in patients 
who were already in critical clinical condition prior to 
anakinra administration. Regarding secondary outcomes, 
clinical efficacy was observed primarily in patient groups 
with underlying immuno-rheumatological or hematolog-
ical-oncological conditions.
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