
inhibition. Moreover, a combination of biomarkers includ-

ing WBC, CRP, ferritin and LDH may be useful for the

diagnosis of flare.
A lack of biomarkers during tocilizumab treatment in

inflammatory diseases has been a problem for clinical

practice. Especially for large vessel vasculitis and adult-

onset Still’s disease, the evaluation of disease activity is

more dependent on acute-phase reactants in blood tests

than RA. Our study showed that the CRP levels reflected

disease activity under treatment with an IL-6 inhibitor only

slightly, as was expected. Alternatively, LDH was identi-

fied as a potential biomarker to detect flare. LDH is an

enzyme that exists abundantly in reticulocytes, the

heart, lungs, muscles and liver, but is distributed in

almost all types of organ cells. We assume that LDH ele-

vation in active adult-onset Still’s disease not only reflects

liver involvement, but also is derived from systemic inflam-

mation of multiple organs, caused by inflammatory cyto-

kines. Indeed, LDH elevation has been reported to be

relevant to systemic inflammation [6, 7] and macro-

phage-activated syndrome [8]. Another important sugges-

tion of our study was that a very subtle increase in CRP

levels could indicate worsening in adult-onset Still’s dis-

ease under tocilizumab treatment. The CRP level at re-

lapse in tocilizumab(+) was only 0.1 mg/dl, but the

increase from 0.01 mg/dl before relapse was significant.
Our data is not confirmatory, due to the nature of a retro-

spective study with a small sample size; however, we be-

lieve that serum LDH is a promising biomarker for flare in

adult-onset Still’s disease treated with an IL-6 inhibitor.

Since adult-onset Still’s disease is a rare disease, and a

flare during anti-IL-6 treatment is much rarer [4], cooperation

to accumulate cases is necessary to validate our data.
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IL-18 as therapeutic target in a patient with resis-
tant systemic juvenile idiopathic arthritis and
recurrent macrophage activation syndrome

Rheumatology key message

. Use of rIL-18BP in refractory sJIA was well toler-
ated with reduced MAS frequency and severity.

SIR, Patients with systemic JIA (sJIA) are at high risk for

macrophage activation syndrome (MAS) [1]. IL-18 is a

proinflammatory cytokine elevated in sJIA and Adult

Onset Stills Disease, and may represent a pathogenic

link between sJIA and MAS [2, 3]. IL-18 is counterba-

lanced by its high-affinity endogenous antagonist, IL-18

binding protein (IL-18BP) [4]. Based on this, many authors

suggested using exogenous IL-18BP as a novel

Letters to the Editor

! The Author(s) 2019. Published by Oxford University Press on behalf of the British Society for Rheumatology. All rights reserved. For permissions, please email: journals.permissions@oup.com



FIG. 1 rIL-18BP use in a patient with severe sJIA and MAS

(A) Total and Free IL-18 levels over time. Vertical lines: start (left) and missed dose (right) of rIL-18BP therapy. (B) Linear

growth change over time and after start of rIL-18BP. Actual height shown in blue. Vertical line: start of rIL-18BP treatment,

red line: predicted height based on pre-treatment growth velocity. (C and D) Serial platelet counts (blue) and serum ferritin

levels (red) before and after rIL-18BP treatment and MAS flare after missed dose. Vertical black line indicates start of

treatment (C) and change in rIL-18BP dosing interval (D). Arrows point to MAS episodes. sJIA: systemic JIA; MAS:

macrophage activation syndrome.
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therapeutic approach for inflammatory diseases [4, 5]. A

recent Phase II trial of recombinant IL-18BP (rIL-18BP-

Tadekinig alfa) showed promising results for Adult

Onset Stills Disease [6]. Here, we report the first use of

rIL-18BP in a patient with refractory sJIA and recurrent

MAS.

We report a 6-year-old mixed race male diagnosed at

age 14 months with sJIA. His subsequent course was

complicated by recurrent MAS episodes requiring pulse

(30 mg/kg/day) steroids for 3 days followed by daily

prednisolone at 2 mg/kg/day, and ciclosporin 5�7 mg/

kg/day in order to control episodes. He failed to achieve

remission despite numerous non-biologic and biologic

medications including anakinra, canakinumab, IVIG, toci-

lizumab and rituximab. Despite this, he continued to

have frequent flares and recurrent MAS with any at-

tempts to wean steroids. Fourteen months into his ill-

ness, he was diagnosed with interstitial lung disease in

the setting of persistent tachypnoea and erythematous

finger clubbing. His biopsy subsequently showed fea-

tures of pulmonary alveolar proteinosis and lipoid

pneumonia.

Laboratory findings during disease flares and MAS epi-

sodes showed classic features including persistently ele-

vated ferritin levels and total serum IL-18 levels up to

117 346 pg/ml. Corresponding free IL-18 levels during dis-

ease flares and MAS episodes were elevated up to

46.82 pg/ml (most healthy individuals have undetectable

levels but can be up to 5 pg/ml [2]) (Fig. 1A).

Given the patient’s persistently elevated total and free

IL-18, he was started on rIL-18BP (tadekinig alfa) under a

compassionate-use investigational new drug authoriza-

tion, 2 mg/kg subcutaneously every 48 h, with continu-

ation of previous therapy. Immediately prior to the start

of rIL-18BP, his total IL-18 was 43 724 pg/ml and free IL-

18 was 23.17 pg/ml. His free IL-18 levels were undetect-

able 24 h after the first dose (Fig. 1A).

Over the first year of treatment, he slowly improved clin-

ically, and oral steroids were tapered from 2 mg/kg/day to

0.75 mg/kg/day while continuing other medications

(ciclosporin, anakinra (switched from canakinumab later

in the course), monthly IVIG). He showed signs of stable

disease including increased growth velocity from 1.75 cm/

year before initiation of rIL-18BP to 5.75 cm/year after rIL-

18BP (Fig. 1B). As detailed below, MAS episodes after

initiation of rIL-18BP were controlled with IV methylpred-

nisolone only, without the need for increase in oral ster-

oids or ciclosporin.

He was diagnosed with MAS triggered by parainflu-

enza-3, 4 weeks after starting rIL-18BP. He was febrile

but otherwise appeared clinically well despite typical la-

boratory findings of MAS (Fig. 1C). Remarkably, his ferritin

level remained normal. Several months later he developed

another MAS episode triggered by gastroenteritis. This

episode similarly only required three IV steroid pulses,

and was again noted that ferritin levels did not exceed

250 ng/ml (Fig. 1C).

One year later, he developed persistent productive

cough with mild hypoxia (95�96%). Although extensive

infectious evaluation was negative, he was suspected to

have pneumonia and improved after broad-spectrum anti-

biotics. With concerns about rIL-18BP contributing to lung

infections, an attempted medication wean was started by

decreasing frequency of injection. The patient did not re-

ceive a dose for four days (first missed dose) and promptly

developed a severe MAS episode, which required six

doses of IV steroid pulses, increasing baseline ciclosporin,

anakinra and daily steroid dose. Notably, this episode

showed marked elevation of ferritin level for the first

time since initiation of rIL-18BP (Fig. 1D). It is likely that

this was triggered by lung infection and exacerbated by

missing one dose of rIL-18BP. In addition, free IL-18

levels, previously undetectable, increased to 21.8 pg/ml

at the time of MAS onset. He has since resumed rIL-18BP

at 3 mg/kg every 48 h with clinical stabilization, decrease

in free IL-18 to undetectable levels, and allowing restart of

a steroid taper.

In summary, use of IL-18BP was associated with sta-

bilization of disease course and reduced MAS severity,

but also notable improvement of linear growth with steroid

wean. Levels of free IL-18 were undetectable shortly after

initiation of rIL-18BP, although total serum IL-18 levels

remained elevated, consistent with other studies and sug-

gesting that free IL-18 might be a more accurate bio-

marker for disease activity [2, 7]. The hypothesis of

balance between IL-18 and IL-18BP is also well supported

by mouse models of MAS [7, 8]. This is interesting in light

of our clinical experience, where the first missed rIL-18BP

disrupted that balance, and was followed by immediate

development of MAS. This is also in agreement with

recent findings that IL-18 both distinguishes and pro-

motes MAS [7]. This report raises hope for treating dis-

eases marked by excessive free IL-18 such as sJIA, and

preventing progression to MAS.
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Successful treatment of complicated pericarditis
after myocardial infarction with interleukin-1
blocker

Rheumatology key message

. Targeting IL-1 could be a novel therapy in pericar-
ditis associated with inflammasome activation after
myocardial injury.

SIR, We report the case of a 66-year-old man admitted to

the Coronary Care Unit of the Santa Maria della

Misericordia Hospital of Udine, Italy, for subacute infer-

ior-posterior myocardial infarction, and later developing

a complicated pericarditis and severe systemic inflamma-

tion. The patient had a negligible medical history, except

for a right hip replacement 2 months before.

The day before admission, a new onset of chest dis-

comfort was recorded. The following day during a cardi-

ologic evaluation ECG showed inferior Q waves and a

small r wave in V1 with persistent ST-elevation, and T

wave inversion in the inferior and in V5-V6 leads

(Fig. 1), consistent with recent myocardial infarction.

The transthoracic echocardiogram confirmed inferior

and posterior walls akinesia with preserved global sys-

tolic function and mild pericardial effusion without

signs of tamponade. Invasive coronary angiography

was performed and demonstrated an occlusion of a pos-

terolateral coronary branch and a critical stenosis of

the proximal circumflex artery, which was treated by

percutaneous transluminal coronary angioplasty with

drug-eluting stent. During the following days a growing

pericardial and pleural effusion occurred, with high grade

fever (up to 39.5�C) and severe systemic inflammation

(CRP 28, 5 mg/dl, procalcitonin 0.53 ng/ml).

Autoimmunity (ANA, anti-dsDNA, ENA, RF, ACPA and

ANCA), anti-phospholipid antibodies and microbiological

analyses (including blood haemocultures) were all nega-

tive, and empirical therapy with high doses of acetylsali-

cylic acid (i.e. 1000 mg daily) plus antimicrobial therapy

with levofloxacin and piperacillin/tazobactam were ad-

ministered, however without any benefit.

Then, colchicine was started, again without any clinical

improvement, and persistence of fever, pleuro-pericar-

dial effusion and systemic inflammation. After 2 weeks

of persistent systemic inflammation with fever, high

levels of CRP (15�16 mg/dl), pleuro-pericardial effusion

and progressive rest dyspnoea in the last 2 days, an

inflammasome activation resistant to conventional ther-

apy was supposed. To avoid CS, anti-IL-1 therapy with

anakinra was then started, at the dosage of 100 mg/day.

Fever disappeared in 12 h, and chest pain in 4 days.

Levels of CRP abruptly decreased and completely nor-

malized within 10 days of treatment. Pericardial effusion

significantly improved in <5 days, decreasing from

20 mm to <5 mm (Fig. 1).
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