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Resume. Macrophage activation syndrome (MAS) is a life-threatening, potentially fatal complication of systemic juvenile
idiopathic arthritis (slIA) appears in non-remitted fever, cytopenia, coagulopathy, liver and CNS dysfunctions. Triggers of MAS
could be disease activity, infections and medications. Known IL-1 is the key cytokine in pathogenesis of MAS and SJIA, and disease
flare associated with increased amounts of different cytokines, especially IL-1f. Many cases of MAS are medically-refractory to
traditional doses of cytokine inhibition and may require increased dosing of biologic cytokine blockade. Interleukin-1 (IL-1) is
typically a key cytokine in the pathogenesis of sJIA and associated MAS. When MAS occurs in the setting of sJIA treated with
IL-1 inhibitors, then increased dosing of IL-1 blockers may be beneficial. This has been shown for anakinra, an IL-1 receptor
antagonist, but this drug is currently not available worldwide. Another IL-1 blocker, canakinumbab (CKB), is a monoclonal
antibody that blocks IL-1B, but does not also block IL-1a like anakinra. Herein, we describe 2 sJIA patients who developed
MAS on standard doses of CKB (4 mg/kg). Both patients received an increased dose of CKB: 150 mg (7.5 and 12.5 mg/kg,
respectively) with rapid and complete resolution of MAS. Later the CKB doses was tapered to normal regimen. No side effects
or adverse events were noticed during usage of increased CKB doses. Increased dosing of CKB should be considered for
CKB-treated sJIA patients who develop MAS on standard dosing.

Key words: macrophage activation syndrome; systemic juvenile idiopathic arthritis; interleukin-1; anti-IL-1 treatment;
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BACKGROUND

Macrophage activation syndrome (MAS) is a some-
times fatal complication of rheumatic disorders, most
commonly complicating sJIA in childhood [1, 17, 20].
MAS is related to familial hemophagocytic lymphohis-
tiocytosis (HLH) which has been traditionally treated
with high doses of etoposide chemotherapy [7].

Since MAS is not considered to be a result of
homozygous mutations in cytolytic pathway genes,
and because the HLH treatment protocol is associ-
ated with a high degree of mortality, rheumatolo-
gists have chosen to treat rheumatic disease associ-
ated MAS with non-cytotoxic immunosuppression.
This typically includes a combination of high dose
corticosteroids (CS), the calcineurin inhibitor, cy-
closporine A, and, more recently, the addition of the
recombinant interleukin-1 (IL-1) receptor antagonist
(IL-1Ra), anakinra [17].

While lower doses of anakinra (1-2 mg/kg/day) may
suffice to treat MAS associated with systemic juve-
nile idiopathic arthritis (sJIA) [3, 9, 12], when patients

are already on anakinra, even higher doses may be re-
quired to control MAS [8-10]. In addition to anakinra,
other IL-1 blocking agents are also available for treat-
ment of sJIA [22]. Canakinumab (CKB) is a monoclo-
nal antibody directed against IL-1f and has been shown
to be highly effective in treating sJIA [19]. When MAS
occurs in the setting of CKB treated sJIA, it is currently
unknown whether or not increased dosing of CKB will
help treat the MAS.

CASE PRESENTATIONS

Herein, we describe 2 patients with sJIA, who re-
quired higher than sJIA standard dosing of CKB to ef-
fectively resolve episodes of MAS that occurred despite
standard doses of CKB.

Patient 1: An 11-month-old boy presented with pro-
longed fever, evanescent salmon-colored rash, knee
arthritis, hepatomegaly, pericarditis, leukocytosis, and
elevated erythrocyte sedimentation rate (ESR), C-reac-
tive protein (CRP), and serum levels of liver enzymes.
sJIA with associated MAS was suspected and treatment
with CS was initiated with a good response. Disease
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relapses occurred at the ages of 18 and 23 months af-
ter tapering doses of CS. IL-1 blockade was initiated
with CKB as this was the only IL-1 blocker available in
Russia.

After the first injection at the age of 25 months (stan-
dard dose of 4 mg/kg every 4 weeks) he had a good
clinical response, and he weaned off CS. He did well
until the 57th day after starting CKB (just before the 3rd
CKB injection) when he presented with knee arthritis
(no fever or rash) and increased CRP and liver enzymes
[alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST)]. Within two weeks after the 3rd CKB in-
jection, he presented with fever, rash, symptoms of en-
terocolitis, and liver enzyme elevation.

He was admitted to the hospital and had continued
fever, hepatomegaly, diarrhea, and increased CRP, ALT,
AST, lactate dehydrogenase (LDH), and ferritin. After

several days of IV antibiotics, intravenous immuno-
globulin (IVIG) (1 gr/kg), and pulse methylpredniso-
lone therapy (30 mg/kg) followed oral CS, the fever and
rash resolved, and the CRP, ALT, AST, LDH, and fer-
ritin were decreased.

However, on the 9th day of admission the patient’s
condition dramatically deteriorated. The fever and
rash returned, and he developed pancytopenia, and in-
creased CRP, ALT, AST, ferritin (16.932 ng/ml), and
LDH (2.770 U/l), with decreased total serum protein
(5.6 g/d), albumin (2.8 g/dl), and sodium (127 mmol/l).

His labs and clinical exam were consistent with coagu-
lopathy, a hemorrhagic syndrome, and central nervous sys-
tem dysfunction. Repeated courses of high dose (30 mg/kg)
pulse methylprednisolone therapy, IVIG, fresh frozen
plasma, and broad-spectrum antibiotics were ineffective.

Due to developing life-threatening resistant MAS,
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Fig. 1. Response of MAS measures to higher-dose CKB (patient N 1). Days/months pre- and post-development of MAS are listed
along the X-axis. Periods of fever and rash are noted at the top of the figure. Standard (4 mg/kg, small arrows) and high-
dose CKB (12 mg/kg, large arrow) doses are noted by orange arrows at the top. IVIG doses (1 mg/kg) are listed in the
middle as blue arrows. Pulse methylprednisolone doses (30 mg/kg) are noted as green arrows at the bottom, followed by
oral prednisolone dosing noted in blue. Discharge from the hospital occurred at day +10 as noted in yellow. Platelet count
is depicted with green triangles with range of values to the top left. CRP is shown as red squares with values listed to the
top right. WBC is represented with purple squares with range of values to the middle left, and fibrinogen is noted as red
diamonds with ranges to the middle right. ALT (burgundy triangles) and AST (green squares) have their range of values listed
bottom left, and ferritin (blue squares) have their range of values listed bottom right. Abbreviations: CKB — canakinumab;
CRP — C-reactive protein; CS — corticosteroids; ESR — erythrocyte sedimentation rate; HLH — hemophagocyticlymphohistio-
cytosis; IL-1 — interleukin-1; IVIG — intravenous immunoglobulin; MAS — macrophage activation syndrome; sJIA — systemic

juvenile idiopathic arthritis
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Table 1
Response of macrophage activation syndromelaboratory measures to higher-dose canakinumab (patient N 1)
Measurements / Days -1mo | -14D | -8D -3D DO D1 D2 D4 D8 D13 |1mo | 2mo |3 mo NV
Fever + + + +
Rash + + + + + +
WBCx 103/mm? 6.2 6 8.4 8.3 4 3.5 4.3 6.9 7 6.3 5.8 6.6 | 392 5253
PLTx10%/mm? 254 | 260 | 286 | 142 43 51 64 153 | 193 | 197 | 519 | 282 | 189 255822
Ferritin, ng/ml 97.1 | 240 |1199| 726 | 11781 | 16932 | 7900 | 969 | 240 | 97 8.2 | 13.2 | 16.1 | 0-140
CRP, mg/L 414 | 43 | 134 | 55 109 159 443 | 9.5 2.6 6.6 1 0.8 0.3 0-5
Fibrinogen, mg/dl 270 | 300 | 330 | 310 50 130 120 | 100 | 145 | 186 | 264 24%%
Prothrombine time, % 94 91 94 89 53 76 83 83 91 92 100 fgo
ALT, U/L 62 | 240 | 240 | 165 911 575 |289.9| 138 56 36 20 20 16 | 6-34
AST, U/L 73 145 | 150 | 66 695 263 88.3 38 35 31 21 26 28 | 10-69
LDH, U/L 481 | 640 | 1634|1236 | 2770 | 3020 | 1036 | 536 | 479 | 436 | 184 | 185 | 209 | 17
ESR, mm/h 4 5 15 20 2 2 3 3 2 3 3 0-15
# CKB injection #3 #4 #5 #6 #7
CKB dose, mg/kg 4 12.5 6 5 4
IVIG +
Methylprednisolone, IV, 30 mg/kg + + + +
Prednisolone, PO, mg/kg 2 2 2 1 0.68 | 0.17
WBC — white blood cells, PLT — platelets, CRP — C-reactive protein, ALT — alanine aminotransferase, AST — aspartate aminotransferase, LDH —
lactate dehydrogenase, ESR — erythrocyte sedimentation rate, CKB — canakinumab, IVIG — intravenous immunoglobulin, PO — per 0s, NV — normal
values

CKB was administered at ~3-times the recommended
dose (12.5 mg/kg). This resulted in a dramatic clini-
cal improvement (fever and rash resolved within 3 days
after the CKB injection), and normalization of his lab ab-
normalities within a week. No side effects from increased
CKB were noted, and the patient was discharged to home
9 days post-CKB with a tapering regiment of oral CS.

His hospital course and laboratory values are plot-
ted and summarized in Figure 1 and Table 1. He has
done well as is now receiving conventional CKB dosing
(4 mg/kg every 4 weeks).

Patient 2: An §-year-old girl with sJIA was doing
well on CKB (4 mg/kg every 4 weeks) without the
need of CS therapy. However, she developed a clini-
cally mild form of MAS without signs of a sJIA flare
(no arthritis or rash) just before her 9th CKB injection.
One month before (at the time of the 8th CKB injec-
tion) she had mild anemia (Hb=11.5 g/dl), leukopenia
(WBC=3.9x10°mm?), and increased LDH (475 U/l),
ferritin (412.3 ng/ml), and CRP (6.0 mg/l).

The diagnosis of MAS was considered, and CKB
was injected at the standard dose (4 mg/kg). At the time
of 9th scheduled CKB injection she had developed sore
throat, lymphadenopathy, and low grade fever, but no
rash or arthritis.

She continued to deteriorate clinically, and her
liver laboratory parameters worsened: increased ALT
(181 U/M), AST (131.8 U/1), and LDH (753 U/1). She re-

ceived an increased dosage of CKB (~2-times normal,
7.5 mg/kg) for the scheduled 9th injection without
corticosteroids. Her clinical and laboratory features of
MAS resolved within a week without any noted adverse
events. Her next CKB injection was in 28 days at a dose
of 6 mg/kg and was then tapered to 4 mg/kg for the
10th monthly CKB injection. She continues to do well
at this current dose of CKB.

As itis known sJIA is an autoinflammatory condition
with a peak age of onset of 2 years of age [2] but can
occur in the first 12 months of life like patient N 1 re-
ported herein. MAS is a life-threatening complication of
sJIA [17], and MAS is likely more common in children
with sJIA than previously considered [1]. Diagnostical-
ly, MAS can be a challenge as many features are shared
with sJIA flares, and MAS can be present at disease on-
set [2]. Unlike the HLH criteria [7], preliminary MAS
criteria for sJIA include liver dysfunction [16], as was
noted in both children reported herein. Typically, ele-
vated serum ferritin is a sensitive marker of MAS [5].
However, with the increased use of IL-1 and IL-6
blockade in children with sJIA, the ferritin value may
be blunted, even in the setting of MAS, and the ratio of
ferritin to ESR may be of greater diagnostic utility [6].
For patient N 2 reported herein, the MAS presentation
was associated with only a slightly elevated ferritin
level, and clinically the prodromal stage leading up to
MAS in both patients was longer than usual. Anecdot-
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ally, we have observed this phenomenon in othersJIA
patients who developed MAS onbiologic therapies.
Moreover, we have noted severe organ damage during
the MAS course that did not necessarily correlatewell
with ferritin levels. Thus, one must be aware of these di-
agnostic dilemmas so as to not delay appropriate MAS
therapy in the setting of sJIA on biologic therapy.

As many as half of the cases of MAS are medically-
resistant to standard dose sJIA therapy and frequently
require more aggressive treatment: cyclosporine A,
high dose CS, and cytokine targeted biologic medi-
cations [20, 21]. For many patients, IL-1 is a key cy-
tokine in the pathogenesis of sJIA [14] and associated
MAS [17], and disease flares have been associated
with increased amounts of pro-inflammatory cytok-
ines, particularly IL-1f. Theoretically, increased IL-1
production can overwhelm the body’s countering
mechanisms (e.g. production of IL-1Ra). Anakinra is
a recombinant version of naturally occurring IL-1Ra,
and increased doses of IL-1Ra may be needed to bind
excessive amounts of IL-1f. There are now several pub-
lications demonstrating the efficacy of increased anak-
inra dosing to treat MAS episodes [8, 13, 18]. Despite its
documented benefit in treating sJIA [15], anakinra is
not available in all parts of the world. However, 2 oth-
er IL-1 blocking agents have been studied as therapy for
sJIA, CKB (a monoclonal antibody to IL-1p) [19] and
rilonacept (an IL-1 receptor fusion protein) [11].

Currently, there is limited data regarding the use of
CKB and rilonacept for treating MAS in the setting of
sJIA. Indeed, there are only a few cases of MAS report-
ed to occur during or after CKB treatment of sJIA in ran-
domized controlled trials [19]. Herein, we report the use
of increased doses of CKB in 2 children with sJIA treat-
ed with standard dose CKB for treatment of MAS. Both
sJIA patients received one scheduled injection of an in-
creased dose of CKB (150 mg, ~3-and 2-times standard
doses, respectively) with rapid resolution of MAS al-
lowing for tapering back down to standard CKB dosing
of 4 mg/kg every 4 weeks. There were no notable short
term adverse events consistent with the published safety
and efficacy of high doses of CKB from clinical trials.
For example, after a single dose of 10 mg/kg of CKB,
free IL-1p was reduced by more than 90% for more
than 60 days [4]. In a subsequent long-term phase 111
extension trial, cryopyrin mutant patients with residual
symptoms after the first CKB dose responded to an in-
creased dose of up to 8 mg/kg and/or an increased dos-
ing frequency [10]. As cytokine inhibitors target circu-
lating or locally produced cytokines, there appears to be
a larger therapeutic window for dosing of these medica-
tions compared to traditional medicines which directly
target cells. One must also be careful to not always attri-
bute (cause and effect) the development of MAS in the

setting of cytokine inhibition to the therapy itself, as in-
creased dosing of the same biologic medication may be
highly beneficial in resolving the MAS.

CONCLUSIONS

sJIA and MAS are often both IL-1-driven condi-
tions. MAS can occur in the setting of sJIA treated with
standard dosing of IL-1 blockade by CKB. Our report
provides evidence for the efficacy and safety of short
term increased doses (2-3-times normal) of CKB in
treating sJIA associated MAS. Further study of the effi-
cacy and safety of increased doses of CKB for treatment
of MAS in children with sJIA is warranted.

CONSENT

Written consent was obtained from the patient fami-
lies for publication of these reports. Approval of higher-
dose canakinumab treatment was obtained from the lo-
cal ethical committee of Saint Petersburg State Pediatric
Medical University.
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NMPUMEHEHUE NMNOBbIWEHHbIX 03
KAHAKUHYMABA 019 PE®PAKTEPHOTIO
CUHOPOMA AKTUBALNN MAKPO®AIOB
Y AETEA C CUCTEMHbIM IOBEHWUJIbHbIM
UONOMNATUYECKUM APTPUTOM:
OAHHDIE ABYX CZIYYAEB

Kocmuk M. M., Jluxavesa T.C., Yukosa U.A., byqyuHckas H. B.,
Abpamosa H.H., KanawHukosa O.B., Kpox P, YacHeik B.T.

@ Pesome. CuHapom aktnBaumm mMakpodaros (CAM) — xu3He-

yrpoxatotiee,

nOoTEHUMANbHO cbaTaanoe OCNNOXXHEHUe Cu-
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CTEMHOrO HBEHWbHOTO wMauonatuyeckoro aptputa (clOUA),
nposBAsloLIeecs B BUAE MOCTOSHHOM NMXOPaAKM, LUTONaHee,
koarynonatuu, auchyHkumm nevenm u UHC. Tpurrepammn CAM
MOryT 6bITb aKTMBHOCTb OCHOBHOrO 3aboneBaHus, MHeKLUK,
NnekapcTBeHHble npenapaTbl. M3BecTHO, 4TO MHTepneikuH-1
ABNAETCA KMOYEBbIM LUMTOKMHOM B natoreHesze CAM u clOMA
1 obocTpeHns 3aboneBaHMs COMPOBOXAAKTCA MOBbILEHHBIM
BbIOPOCOM Pa3/IMYHbIX LLUTOKMHOB, 0COBEHHO MHTepnerikMHa-1p.
Bonblasg yactb cnyyaeB CAM aBnseTcs pedpakTepHON K Tpaau-
LIMOHHBIM [103aM aHTULMTOKMHOBBIX MpenapaTos U MoryT Tpebo-
BaTb MOBbILUEHHbIX [03 aHTULMUTOKMHOBLIX NMpenapaTos. B cny-
vyasax passutna CAM y naumeHtoB ¢ clOMA, Haxopawmxcs Ha
Tepanuu B6nokatopamu MHTEpneikuHa-1, NoBblWeHNe A03 3TUX
npenapaToB MOXeT ObITb NONE3HbIM. ITO paHee 6bl10 NOKa3aHo
A9 aHaKWMHPbl, aHTaroHWCTa peLenTopa MHTepnenkuHa-1, oa-
HaKo 3TOT NpenapaT ABAAETCA HEAOCTYMHbIM BO MHOTMX CTPaHax
mupa. [lpyrot 6nokatop uMHTepnenkmMHa-1 — KaHakMHymab —
MOHOK/IOHA/IbHOE aHTUTENO, HENTPaNU3ytoLLee HTepneiknH-16,

¢ NHdbopmaums 06 aBTopax

HO He CBsi3blBalOLWEe WMHTEpAenkMH-1d, NofobHO aHakMHpe.
B naHHOM cTaTbe Mbl onucbiBaeM 2 nauneHTos ¢ ctOUA, pa3sus-
wux CAM Ha doHe cTaHAapTHbIX A03 KaHakuHyMaba (4 Mmr/kr).
06a nauueHTa MONyyYMnM MOBbILWEHHbIE A03bl KaHakKMHyMaba:
150 wmr (7,5 v 12,5 ™mr/kr, COOTBETCBEHHO) C BbICTPbIM U NoA-
HbiM paspewweHnem CAM. To3xe, LO3bl KaHakMHyMaba 6binu
BO3BpaLLEeHbl K UCXOAHbBIM. He 6b110 3ahMKCMPOBaHO NOBOUHbIX
U HeXenaTeNbHbIX SBMIeHWI, CBA3aHHbIX C MPUMEHEHUEM NOBbI-
WeHHbIX 003 KaHaknHyMaba. lNpuMeHeHWe MOBbIWEHHbIX 103
KaHakMHymaba cnepyeT paccMaTpuBaTh Kak OAHY M3 Tepanes-
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