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Abstract

Background Anakinra is a recombinant interleukin-1 (IL-1) receptor antagonist used in systemic juvenile idiopathic
arthritis (sJIA), refractory Kawasaki disease (KD) and cryopyrin-associated autoinflammatory syndrome (CAPS).
Anakinra associated hepatotoxicity, while rare, has been described in several cases in daily practice. In this case series
the authors describe three pediatric patients with this side effect in the setting of severe macrophage activation
syndrome (MAS) in KD and sJIA.

Case presentation The first patient was a 12-year-old boy who presented with fever, maculo-papular exanthema
and polyarthralgia. Tonsillitis, distal limb induration and tender cervical lymph nodes were observed. Erythrocyte-
sedimentation rate (ESR), C-reactive protein (CRP), ferritin (11,975 ng/mL), D-dimers (5,98 mg/L FEU) and soluble
CD25 (3645 pg/mL) levels were elevated. Exclusion of sepsis / toxic shock syndrome warranted introduction of

IV methylprednisolone and immunoglobulin (IG IV), with partial response. A MAS secondary to KD was assumed,
and anakinra 2 mg/kg/day was introduced. Twenty days later he developed new-onset nausea and severe cyto-
cholestasis, normalizing after 2 months of drug discontinuation. Posterior onset of polyarthritis and evanescent lead
to a final diagnosis of sJIA. The second patient was a 2-year-old boy with a 10-day history of fevers, generalized rash,
hepatosplenomegaly and strawberry tongue. Leucocytosis with neutrophilia and elevated CRP were observed. Initial
treatment with IVIG in the setting of incomplete KD was ineffective. Mild anaemia, leukopenia and very high serum
ferritin (maximum 26,128 ng/mL) ensued. Presumptive sJIA associated MAS was treated with IV methylprednisolone
and anakinra 2 mg/kg/day, with prompt response. Four weeks later transaminitis was detected, and temporary
anakinra suspension led to normalisation of laboratorial values. The third case related to a 4-year-old boy presenting
with fever, maculopapular rash and cervical lymphadenopathy. CRP and ESR were elevated, and KD was diagnosed.
IVIG and methylprednisolone were initiated with clinical worsening, warranting for anakinra introduction at 2 mg/kg/
day. After three weeks, liver enzymes progressively elevated, resolving on 2 weeks of anakinra discontinuation.

Conclusions To the best of our knowledge, this is the first case series describing anakinra associated hepatotoxicity
in pediatric patients with rheumatic diseases other than sJIA, bringing additional insight to therapeutic monitoring in
patients undergoing this treatment.
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Background

Anakinra is a recombinant interleukin-1 (IL-1) receptor
antagonist, exerting anti-inflammatory and immuno-
modulatory actions. There are numerous clinical appli-
cations in pediatric rheumatology, including systemic
juvenile idiopathic arthritis (sJIA), refractory Kawasaki
disease (KD) and cryopyrin-associated autoinflammatory
syndrome (CAPS). Off-label use in diverse autoinflam-
matory diseases such as severe refractory macrophage
activation syndrome (MAS) and secondary pediat-
ric hemophagocytic syndrome (SHS) are increasingly
debated [1].

Hepatotoxicity associated with anakinra, while having
been reported in less than 1% of patients in clinical tri-
als [2], has been described in several cases in daily prac-
tice. Its onset varies between a few weeks after initiation
up to 6 months, with a clinical presentation similar to an
acute viral hepatitis — a hepatocellular pattern of enzy-
matic elevation, high levels of ALT and AST and mild to
moderate jaundice. The clinical course of this condition
is generally self-limited within 2 to 8 weeks after suspen-
sion of this therapy, generally without sequelae [2].

Hepatotoxicity in pediatric rheumatology has been
previously reported in patients with MAS secondary to
sJIA undergoing anakinra®. Alteration of liver enzymes
in these patients may have numerous aetiologies, rang-
ing from mild elevations in initial uncontrolled disease,
to serious liver injury secondary to MAS or treatment.
Other drugs responsible for hepatic injury in these
patients (e.g. methylprednisolone) may be confounding
factor when assessing for anakinra-induced liver injury

[3].

In this case series the authors describe three pediatric
patients with anakinra associated hepatotoxicity, in the
setting of severe MAS in KD and sJIA.

Case 1

A 12-year-old presented in the emergency department
with a 48-hour sustained fever associated with unspe-
cific maculo-papular exanthema and polyarthralgia, four
weeks after a mild upper airway infection. Tonsillitis,
distal limb induration and tender cervical lymph nodes
were observed. Laboratorial values showed markedly
elevated erythrocyte-sedimentation rate (ESR, 64 mm/
hr), C-reactive protein (CRP, 349 mg/L), ferritin (11,975
ng/mL) and D-dimers (5,98 mg/L FEU). Soluble CD25
was elevated (3645 pg/mL). No hepatic dysfunction was
noted. Peripheral blood smear, lymphocyte subsets, bone
marrow aspirate and biopsy excluded malignancy and
showed no haemophagocytosis. Urinalysis and thoracic
x-ray were unremarkable. Echocardiogram and electro-
cardiogram were normal. Due to suspected sepsis / toxic
shock syndrome versus KD, the patient received antibi-
otics, human immunoglobulin (IVIG, 2 g/kg) and aspi-
rin. There was an inadequate response with persistent
fevers and macrophagic activation syndrome sedcondary
to presumed KD for which she received IV methylpred-
nisolone (30 mg/kg/day) and a second dose of IVIG with
partial response, subcutaneous anakinra was then started
at a dose of 2 mg/Kg/day, followed by rapid clinical
response and normalization of laboratorial values. twenty
days later, the patient had mild nausea and severe cyto-
cholestasis abruptly installed (Table 1; Fig. 1A). Extensive
diagnostic workup was negative: no specific findings on
hepatic ultrasound, immunology (anti-nuclear, anti-
hepatic, anti-smooth muscle antibodies), or viral serology

Table 1 Evolution of cyto-cholestasis markers after anakinra introduction. Day 21, 44 and 39 were the dates of anakinra suspension
for cases 1, 2 and 3, respectively. ALT - alanine transaminase; AST - aspartate transaminase; GGT - gamma-glutamyl transferase; LDH

- lactate dehydrogenase; RV - reference values; TB - total bilirubin

Days after anakinra AST ALT GGT B LDH
RV: <48 U/L RV:<33U/L RV: 10-49 U/L RV: <1,20 mg/dL RV: <
300 U/L

CASE 1 DO 40 72 92 - 353
D21 1823 4065 384 2,70 1163

D55 18 47 95 1,37 525

CASE 2 Do 62 57 29 039 389
D44 112 921 129 - 273

D58 47 47 41 0,26 267

CASE 3 DO 558 124 145 0,30 4116
D15 35 37 205 0,31 554

D39 893 1525 204 0,51 415

D59 33 16 45 0,32 250
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(Hepatitis A, B and C, SARS-CoV2, Epstein Barr virus,
Cytomegalovirus, Parvovirus, Herpes Simplex type 1
and 2). Following drug withdrawal, there was gradual
improvement of cyto-cholestasis, after six days of sus-
pension. A diagnosis of anakinra-induced hepatitis was
established; liver markers normalized completely after 2
months (Table 1; Fig. 1A). The patient eventually flared
with polyarthritis, fevers and an evanescent macular rash
and received a final diagnosis of systemic JIA. She is in
remission on canakinumab.

Case 2

A previously healthy 2-year-old boy presented with
10-day history of fevers, maculopapular generalized rash,
hepatosplenomegaly and strawberry tongue. Labora-
tory findings showed marked leukocytosis with neutro-
philia and raised c-reactive protein. Due to suspected
incomplete KD, he received IVIG (2 g/kg), aspirin and
antibiotics.After six days of apyrexia, fever recurred, the
evanescent rash became fixed and laboratory findings
worsened: mild anemia, decreasing WBC, increasing
c-reactive protein and very high serum ferritin (maxi-
mum level of 26,128 ng/mL). Echocardiogram was per-
formed in two assessments, with no abnormal findings.
A presumptive diagnosis of sJIA with MAS was made
and he received IV methylprednisolone (30 mg/kg/
day) followed by oral prednisolone and subcutaneous
anakinra (2 mg/kg later increased to 3 mg/kg/day) with
rapid improvement in clinical and laboratory parameters.
Infectious complementary exams were unremarkable,
and bone marrow studies excluded lymphoproliferative
disease and did not show excess of cells of the mono-
cytic-macrophage system nor apparent increase in hemo-
phagocytic activity. Four weeks later during routine
follow-up, elevated hepatic transaminases were detected,
which were previously normal. At this point, he was
asymptomatic, on anakinra (3 mg/kg/day) and moderate
dose of prednisolone (<1 mg/kg/day). Workup excluded
infectious causes of hepatitis. Drug-induced liver injury
was suspected and temporary cessation of anakinra lead
to a rapid and sustained improvement in liver func-
tion tests within 2 weeks (Table 1; Fig. 1B). Anakinra
was switched to canakinumab, prednisolone was slowly
weaned, and the patient remains asymptomatic. Two
years later, he is in remission off-treatment.

Case 3
A previously healthy 4-year-old boy with a suspected
hemophagocytic syndrome secondary to KD was treated
with anakinra, which resulted in a marked improvement
of the symptoms.

Before starting anakinra, the patient presented a sys-
temic inflammatory condition marked by 2 weeks of
intermittent high fevers, maculopapular diffuse fixed
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skin rash, cheilitis and cervical unilateral lymphade-
nopathy. Based upon the clinical presentation and labo-
ratory findings of high erythrocyte sedimentation rate
and c-reactive protein, KD diagnosis was raised. He was
treated with IVIG (2 g/kg), methylprednisolone (3-day
IV pulses of 30 mg/kg/day followed by 2 mg/kg/day) and
aspirin. Bone marrow aspirate and biopsy were compat-
ible with SHS, excluding malignancy. Despite ongoing
treatment, the patient became severely ill, with continu-
ously increasing inflammatory markers, cytopenias,
hypofibrinogenemia, hyperferritinemia, hypertriglyc-
eridemia and increasing D-dimersAnakinra was started
at 2 mg/kg and the dose progressively increased up to a
maximum of 10 mg/kg/day via intravenous route, which
finally resulted in improvement of clinical and laboratory
parameters. Perineal and extremity desquamation ensued
10 days later. When the patient presented initially, serum
aminotransferase levels were elevated, which is in line
with SHS/MAS, but after starting anakinra aminotrans-
ferase levels decreased progressively until normalization.
About three weeks later, serum aminotransferases raised,
achieving the maximum level of AST/ALT (aspartate
transaminase/alanine transaminase). The patient was
completely asymptomatic and blood tests were other-
wise normal. Drug-induced liver injury by anakinra was
suspected and drug decrease and then cessation led to
a rapid improvement in liver injury. Aminotransferases
completely normalized within 2 weeks (Table 1; Fig. 1C).
Infectious caused were excluded. The patient has been in
remission off treatment for 4 years, with no sequelae.

Discussion
IL-1 plays an important role in inflammation and immu-
nological responses, binding to the IL-1 receptor and
activating a wide variety of inflammatory mechanisms.
IL-1 receptor is also regulated by a natural IL-1 recep-
tor antagonist (IL-1RA) that binds to IL-1 receptor bind-
ing sites and competes with IL-1. Being a recombinant
IL-1 receptor antagonist, anakinra binds to the recep-
tor and, therefore, reduces the inflammatory response
[4]. Its metabolism in the body is not fully understood.
It is known that the main route of elimination is the
kidney [5]. Although the non-renal clearance pathway
has not been described, as a protein-based therapy it
may undergo endogenous proteolysis [5]. Similarly, the
mechanism by which anakinra causes liver injury is also
unknown. Previous research has related polymorphisms
in IL-1 receptor antagonist and IL-1p to antiretroviral
hepatoxicity [6]. However, further studies are needed to
better understand the direct link between anakinra and
liver injury.

Anakinra associated hepatotoxicity is an uncom-
mon side-effect previously observed in the adult rheu-
matic patient population, especially in individuals with
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Fig. 1 Evolution of liver enzymes after introduction of anakinra in cases 1 (A), 2 (B) and 3 (C)
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Still's disease, and several cases of asymptomatic hepatic
enzyme elevation have been described [7].

The cases presented are representative of children with
rheumatic disease who developed acute hepatitis under-
going anakinra. Clinical presentation was a diagnostic
challenge, as diverse infectious and malignant aetiolo-
gies had to be excluded. Bone marrow biopsies were not
generally suggestive of hemophagocytosis, with the diag-
nosis of MAS and SHS anchored in clinical and labora-
torial data. No apparent triggers were identified in these
patients. After exclusion of other aetiologies, anakinra-
induced hepatic injury was assumed, resolving after
drug suspension. Since they responded to other treat-
ments, no patients were rechallenged with the drug after
discontinuation.

Liver enzymes may be elevated during the first stages of
sJIA, even in the absence of MAS, although the degree of
elevation is generally mild [8, 9]. Moreover, hepatic dys-
function in KD is frequently manifested as transaminitis,
despite great individual heterogeneity [10]. Frequently
hepatic dysfunction represents the main organ involve-
ment in MAS, presenting as an extreme elevation of liver
enzymes and lactate dehydrogenase, besides the more
traditional clinical finding of hepatosplenomegaly [11].
Disease-related hepatic dysfunction in these patients
is generally accompanied by inflammatory marker
elevations, with rapid response to treatment, making
anakinra-related hepatotoxicity an exclusion diagnosis
[2]. In this case series, all patients had transaminitis when
their inflammatory response had improved, thus facilitat-
ing differential diagnosis.

Previous studies have reported anakinra associated
hepatotoxicity in pediatric rheumatic diseases. Canna S.
et al [12] described three cases of anakinra induced acute
hepatitis in children treated with anakinra for refractory
or severe disease. Only two patients developed suggestive
symptoms of abdominal pain and jaundice, with a delay
until diagnosis ranging from 44 to 250 days. Hyperbilirubi-
nemia was an important laboratorial feature in two patients
and cholestasis was uncommon, with significant AST ele-
vations>1000 UI/mL in all patients. All laboratorial abnor-
malities rapidly resolved with therapeutic suspension.

Phadke O. et al [13] described a case series of 3 patients
with sJTIA/MAS who underwent IL-1 A or IL-6 A treat-
ment, with two patients developing biopsy proven hepa-
titis less than a month into follow-up of anakinra. There
was a significant dissociation between clinical symp-
toms and inflammatory markers and elevation of liver
enzymes, sustaining a drug induced mechanism, as in the
cases hereby presented. All situations were reverted with
pharmacological discontinuation.

Murray G.M. et al [14] reported a case of a 13-year-old
boy with sJIA who was treated with pulsed intravenous
MPDN and anakinra 3 mg/kg afterwards with prompt
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clinical improvement and laboratorial value normaliza-
tion, with IL-1RA discontinuation after 10 days of treat-
ment. Posteriorly, MAS led to reintroduction of anakinra,
with severe elevation of hepatic enzymes 1 month later,
with suspension of therapy leading to steadfast cessation
of liver injury.

In a recent post authorization safety study using the
Pharmachild registry including 306 patients with sJIA,
Giancane G et al [15] described adverse events related
with anakinra (monotherapy or in association with other
glucocorticoids or DM ARDs), with description of only 6
cases of increased liver enzymes and hepatitis.

Figure 1 A, B and C show the evolution of liver enzymes
after introduction of anakinra in the three cases presented
here. The results show an earlier adverse liver injury com-
pared to cases previously described in literature.

Only one patient had hepatic involvement by the
rheumatic disease at diagnosis (Case 3), and only one
patient had symptoms and objective findings compat-
ible with acute hepatitis (Case 1). A ratio ALT:AST>1
was observed in all patients, associated with mild to no
degree of cholestasis, compatible with a hepatocellular
injury pattern, frequently described in acute toxic hepa-
titis. There was not a clear relationship between dose and
degree of liver enzyme elevation, pointing to the fact that
anakinra associated hepatotoxicity follows an idiosyn-
cratic pattern in pediatric patients.

Elevation of liver enzymes was observed in the first
month of treatment for all patients, as with adult patients
who were reported to have developed anakinra-associ-
ated hepatotoxicity [7], suggesting a similar pathophysi-
ology for this adverse effect in both subsets of patients.

Liver dysfunction was not more serious in the indi-
vidual with hepatic involvement by KD at presentation,
nor recuperation was longer than in the other cases
described. Cessation of anakinra led to rapid resolution
of the adverse event in all cases, with an average time
until complete resolution of laboratorial abnormalities
of 20.3 (£11.8) days. Data regarding anakinra hepato-
toxicity in KD patients is lacking, with previous studies
not revealing significant hepatotoxicity, or general side
effects for that matter [16].

Liver biopsy may prove useful to ascertain the aetiol-
ogy of acute liver dysfunction in young patients under
anakinra with potential confounding factors, with previ-
ous case series describing nonspecific patterns of mixed
inflammation without identifiable hemophagocytosis,
vascular microthrombi, or cholestatic biliary injury in
pediatric sJIA patients [13, 3]. None of the patients in this
case series underwent liver biopsy due to causal associa-
tion between anakinra introduction and hepatic enzyme
elevation and swift normalisation of laboratorial values
following drug withdrawal, after extensive differential
diagnostic consideration and exclusion.
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Conclusion

To the best of our knowledge, this is the first case series
describing anakinra associated hepatotoxicity in pedi-
atric patients with rheumatic diseases other than sJIA,
bringing additional insight to therapeutic monitoring in
patients undergoing this treatment.

This case series highlights a rare side effect of anakinra
in the pediatric population, constituting itself a potential
confounding factor for an eventual MAS. Larger scale
studies for assessment of anakinra-related adverse effects
in these diseases are unfeasible owing to their infre-
quency, thus highlighting the importance of post-autho-
rization registries and case reports.
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