
Improvement of Refractory Systemic Juvenile Idiopathic 
Arthritis-Associated Lung Disease with Single-Agent Blockade 
of IL-1β and IL-18

Julia E. Rood1, Ayman Rezk2, Jennifer Pogoriler3, Laura S. Finn3, Jon M. Burnham1, 
Maureen B. Josephson4, Amit Bar-Or2, Edward M. Behrens1,5,*, Scott W. Canna1,5,*

1Division of Rheumatology, Children’s Hospital of Philadelphia, Philadelphia, PA, USA

2Center for Neuroinflammation and Experimental Therapeutics and Department of Neurology, 
Perelman School of Medicine, University of Pennsylvania, Philadelphia, PA, USA

3Department of Pathology and Laboratory Medicine, Children’s Hospital of Philadelphia, 
Philadelphia, PA, USA

4Division of Pulmonology, Children’s Hospital of Philadelphia, Philadelphia, PA, USA

5Immune Dysregulation Program, Children’s Hospital of Philadelphia, Philadelphia, PA, USA

Abstract

Systemic juvenile idiopathic arthritis associated with interstitial lung disease (SJIA-LD) represents 

a highly morbid subset of SJIA for which effective therapies are lacking. We report the case of 

a patient with refractory SJIA-LD who underwent treatment with MAS-825, an investigational 

bispecific monoclonal antibody targeting IL-1β and IL-18. MAS-825 treatment was associated 

with a marked reduction in total IL-18 and free IL-18 in both serum and bronchoalveolar lavage 

fluid (BAL). Baseline oxygen saturation, exercise tolerance, and quality of life metrics improved 

after treatment with MAS-825, while pulmonary function testing remained stable. Following 

treatment, the BAL showed no evidence of pulmonary alveolar proteinosis and inflammatory 

infiltrates were markedly reduced, reflected by decreased numbers of CD4 T cells, CD8 T cells, 

and macrophages. The patient was able to wean entirely off systemic corticosteroids and other 

biologics after 10 months of treatment with MAS-825 and experienced no side effects of the drug. 
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This case demonstrates improvement in pulmonary symptoms, lung inflammation, and burden 

of immunomodulatory therapy after treatment with MAS-825 and suggests that simultaneous 

targeting of both IL-1β and IL-18 may be a safe and effective treatment strategy in SJIA-LD.

Introduction

Systemic Juvenile Idiopathic Arthritis (SJIA) is an autoinflammatory disorder characterized 

by daily recurrent fever, arthritis, and systemic inflammation resulting in variable 

presentation of lymphadenopathy, organomegaly, rash, and serositis. Although only about 

10% of patients develop a fulminant hemophagocytic syndrome referred to as Macrophage 

Activation Syndrome (MAS), many SJIA patients display MAS features including 

hyperferritinemia, hemophagocytosis, cytopenias, and fibrinogen consumption(1, 2)]. MAS 

is thought to be in large part driven by excessive Interferon gamma (IFNγ) activity, as 

evidenced by elevated levels of the IFNγ inducible protein CXCL9 in SJIA patients with 

MAS [(3)]. Elevated levels of IL-18, a cytokine that promotes IFNγ production by T- and 

NK-cells, are found in SJIA patients predisposed to MAS (4). Thus, an IL-18/IFNγ axis has 

been implicated in disease pathogenesis.

More recently, an additional endotype within the IL-18 high SJIA subpopulation has been 

described, featuring life-threatening interstitial lung disease (ILD) and recurrent MAS (5–

7). These SJIA-LD patients present with erythematous digital clubbing, protein in the 

bronchoalveolar lavage fluid (BAL) consistent with pulmonary alveolar proteinosis (PAP), 

and biopsy evidence of endogenous lipoid pneumonia. Though our ability to diagnose 

and treat this entity is evolving, the prognosis of SJIA-LD is grim, with morbidity and 

mortality associated with both unfettered MAS-like inflammation as well as progression 

to life-threatening pulmonary insufficiency. There is not a clear therapeutic pathway 

for children suffering from this complication. Furthermore, it has been suggested that 

exposure to the IL-1- or IL-6-blocking biologic medications that have been so effective 

in treating SJIA (and/or components common to these medicines), coupled with a strong 

HLA-DRB1*15 association (5, 8), may be contributing to this ILD presentation. However, 

SJIA-LD has occurred in patients with no exposure to such medications. Notably, a recent 

serum biomarker analysis of SJIA-LD showed a strong correlation between elevated IL-18 

and SJIA-LD, even after controlling for MAS disease activity (2).

Herein, we describe a patient with refractory SJIA-LD who received therapy with 

an investigational bispecific antibody that blocks both IL-1β and IL-18. We report 

improvements in multiple measures of lung inflammation, symptomatic relief of work of 

breathing, and significant weaning of immunomodulatory treatment. These results have 

important implications both for IL-18 as a therapeutic target in SJIA-LD and the role of 

biologic medication administration in ILD progression.

Methods

Following informed consent and assent, clinical and biomarker data were collected as part 

of a natural history study approved by the Institutional Review Board of Children’s Hospital 

of Philadelphia. All data were obtained as part of routine clinical care except as indicated. 
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MAS-825 was administered under a single patient Investigational New Drug application 

#155958 with the US Food and Drug Administration, and with informed consent and assent 

under a protocol approved by the Institutional Review Board of Children’s Hospital of 

Philadelphia.

Serum total IL-18 and CXCL9 were measured clinically. Serum and BAL IL-18BP and 

BAL total IL-18 were measured by bead-based assay as in Weiss et al.(4). Free IL-18 was 

measured by ELISA as in Girard et al. [(9), but recombinant human IL-18BP-Fc (R&D 

systems) was substituted as capture reagent. Serum ICAM5 was measured by ELISA as in 

Chen et al.(2).

Remnant BAL was centrifuged to collect the cells. Paired BAL cells and whole blood 

cells were subsequently stained with two panels of fluorophore-conjugated antibodies: one 

focused on T cells and their subsets, and the other focused on myeloid cells and their subsets 

(Table S1, Figures S1–S2). Cells were analyzed on an 18-color LSR flow cytometer (BD 

Biosciences) and analyzed using FlowJo software. The same standard gating strategy was 

applied to all specimens.

Results

Description of case

A male child was diagnosed at 22 months of age with SJIA on the basis of daily fever, rash, 

and arthritis. He had MAS associated with varicella viremia at an early age. He was initially 

treated with canakinumab, methotrexate, and prednisone, with varying degrees of efficacy 

for his fevers and arthritis. Temporary withdrawal of canakinumab resulted in immediate 

return of fevers and systemic inflammation, so he has been persistently maintained on 

IL-1β blockade. With the exception of a 4-month period when anakinra was administered 

to treat MAS, he has been continuously on canakinumab since 6 years of age. He first 

presented to our clinic at age 8, after the development of erythematous clubbing of finger- 

and toe-nails as well as clinical and radiographic lung disease consistent with SJIA-LD 

(Figure 1A–B). Transbronchial biopsy of his lungs was consistent with endogenous lipoid 

pneumonia (Figure 1C). Clinical trio whole exome sequencing did not identify a genetic 

explanation for his phenotype and reported only a heterozygous, paternally-inherited STK4 
variant of uncertain significance. HLA-DRB1 typing demonstrated *11:04:01 and *15:06:01 

haplotypes. His IL-18 levels were consistently high throughout his course, averaging 

~83,000 pg/mL (normal: <540 pg/mL). He was subsequently treated with prednisone, 

cyclophosphamide, and azathioprine in conjunction with canakinumab. Due to increase in 

cough, shortness of breath, and decreased diffusion capacity (DLCO), as well as a marked 

increase in his serum CXCL9 to 1700 pg/mL (normal: <647 pg/mL), his azathioprine was 

replaced with tofacitinib after two years. Despite these efforts, his pulmonary symptoms and 

DLCO continued to worsen, and alternative approaches were sought. Treatment with the 

IL-1β/IL-18 bispecific antibody MAS-825 was initiated under an expanded access program 

with concomitant cessation of canakinumab. Two months after initiation of MAS-825, 

tofacitinib was discontinued without issue. By the following month, he reported subjective 

resolution of his cough and dyspnea and improved ability to keep up with peers when 

exercising. Within ten months, his prednisone was weaned completely off (Table 1), 
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representing the first time that he has been stably sustained off glucocorticoids. No adverse 

events attributable to drug have been reported.

Laboratory/clinical value trends on MAS-825

Spirometry, DLCO, and chest CT findings were stable during therapy (Table 1 and data not 

shown). However, his oxygenation saturation at baseline and after exercise tolerance testing 

improved following treatment with MAS-825 (Figure 2A, Table 1). The distance of his 6 

minute walk test also improved by 40 meters (Table 1). Subjective measures of quality of 

life, including PROMIS Physical Function Mobility score and provider global assessment 

(PGA) score improved after initiation of MAS-825 therapy (Figures 2B–C).

When first measured many years after disease onset, his total serum IL-18 was >75,000 

pg/mL, a level typical of SJIA-LD (Figure 3A). His total IL-18 remained elevated over 

several years and was associated with detectable free IL-18. Upon treatment with MAS-825, 

his total serum IL-18 dropped to near normal, and free IL-18 became undetectable. This 

same pattern was observed in his BAL fluid pre- and post-treatment (Figure 3B). It is not 

known whether MAS-825 interferes with the ability to detect IL-18 by either assay. Levels 

of IL-18 binding protein (IL-18BP), the endogenous inhibitor of IL-18, did not appreciably 

change over the course of treatment (Figures 3A–B). Biomarkers of MAS, including ferritin, 

LDH, and CXCL9, showed a brief spike during influenza infection that improved prior to 

treatment, and they remained stable throughout MAS-825 therapy (Figure 3C). LDH and 

ICAM5 may be biomarkers of lung disease in SJIA-LD (2), and they behaved similarly 

throughout the course of treatment. Overall, these biomarkers identify excess IL-18 prior to 

treatment, with normalization of free IL-18 and no significant increase in serologic activity 

of MAS while under combined IL-1β/IL-18 neutralization.

BAL findings

BAL from prior to MAS-825 contained significant amounts of proteinaceous globules and 

foamy macrophages, consistent with the PAP associated with SJIA-LD (Figure 4). The BAL 

6 months post therapy showed no such protein globules. The immediate pre-treatment BAL 

had 181,818 cells per mL of BAL. This was reduced to 30,000 cells per mL in the 6 month 

post-treatment BAL. Post-treatment changes in multiple immune cell populations were 

observed in BAL and matching whole blood samples, each measured at a single timepoint 

(Figure 5A–E, Tables S2–S3). Absolute numbers of T-cells decreased after 6 months of 

therapy in both blood and BAL. Although there was an increase in blood macrophage/

monocyte populations, these cells dramatically decreased in the BAL (Figure 5A). Major 

CD4 T cell subsets, including Th1, Th17, Th17.1, and Treg cells, decreased in number in 

the blood post-therapy. This was also true in the BAL, with the notable exception of Th17.1 

CD4 T-cells, which remained stable in number (Figure 5B). Correspondingly, the frequency 

of Th1, Th17, Treg, and other non-Treg memory CD4 T cells in the BAL decreased, while 

there was an increase in the percentage of Th17.1 cells (Figure 5C). Other non-Treg memory 

cells that were not phenotyped, likely including Th2 cells, also decreased in frequency after 

MAS-825. Naïve CD8 T-cells dropped in number in the blood, with a concomitant increase 

in effector memory and TEMRA cells. In the BAL, all CD8 T cell populations decreased 

in number (Figure 5D). In the blood, the increase in monocyte/macrophage numbers was 
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mostly explained by an increase in classical CD14+CD16− monocytes. However, in the BAL 

both classical and non-classical inflammatory monocytes (CD14+CD16+) decreased after 

therapy (Figure 5E).There was a very small decrease in HLA-DR expression on both blood 

and BAL macrophages post-therapy, possibly consistent with a decrease in IFNγ activity 

(Figure 5F).

Discussion

SJIA-LD remains a clinical challenge with limited therapeutic options. We report 

stabilization of clinical measures of lung fibrosis and damage, accompanied by reduction 

in lung inflammation and significant improvement in functional and pulmonary symptoms 

in an SJIA-LD patient treated with a novel IL-1β/IL-18 neutralizing bispecific antibody. 

Initiation of therapy allowed for discontinuation of glucocorticoids and other immune 

modulatory medications.

Extremely elevated levels of serum IL-18 have remarkable specificity for SJIA/MAS, 

may indicate MAS susceptibility, and are being explored as a therapeutic target in this 

population. In the patient reported herein, blockade of both IL-1β and IL-18 led to 

significant improvement in the symptoms of SJIA-LD, whereas IL-1 blockade alone had 

been insufficient to control disease. This suggests a central role for IL-18 in promoting 

inflammation in SJIA-LD. A number of laboratory and clinical parameters in our patient 

improved on therapy, but it should be noted that neither his lung CT nor LDH improved. 

LDH is a biomarker of lung disease, but also of MAS and cellular injury in general. The 

persistence of slightly elevated ICAM5, and its temporal association with LDH levels, 

suggest similar regulation. ICAM5 is expressed in lung interstitium, but it is unclear if its 

serum levels reflect tissue injury or compensatory wound healing responses(2).

The striking association of elevated IL-18 with SJIA-LD might suggest a possible causative 

link and therefore support the use of IL-18 blocking therapies. Notably, recombinant 

IL-18-binding protein (tadekinig-alfa), showed promise in an open-label Phase II study 

of patients with adult-onset Still’s disease (AOSD, the adult corollary to SJIA)(10). 

Several investigational IL-18 blocking drugs are currently in clinical trials for monogenic 

autoinflammatory diseases, AOSD, sarcoidosis, and multiple myeloma. However, further 

studies will be needed to firmly establish whether such drugs are effective in treating SJIA. 

This report reflects an important first step in this process.

There is considerable controversy in the field regarding the etiology of SJIA-LD, and 

our findings may offer insight into the various pathogenic mechanisms that have been 

proposed. Drug hypersensitivity reaction to several IL-1 or IL-6 biologic medication 

preparations (including those manufactured by the maker of MAS-825), has been proposed 

as a potential causative factor in SJIA-LD (8). The full list of excipients in MAS-825 

is proprietary but overall is similar to other monoclonal antibodies (Novartis, Inc., 

personal communication). However, HLA-associated drug reactions typically occur via more 

complex mechanisms (e.g. hapten-mediated, pharmacological interaction, or altered peptide 

repertoire mechanisms) (11). Thus, symptom improvement via removal of an ongoing drug 

reaction remains formally possible.
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Another hypothesis aimed at explaining the phenomenon of SJIA-LD, the “Cytokine 

Plasticity Hypothesis” suggests that IL-1 and/or IL-6 blockade causes HLA-DRB1*15-

restricted T-cells to adopt a Th1 program (12). As such, one might expect effective treatment 

of SJIA-LD to demonstrate a decrease in BAL Th1 and Th17.1 cells, with concomitant 

increase in Treg or Th17 populations. In this patient, most inflammatory cells decreased 

in the BAL after 6 months of therapy with MAS-825. In addition to improvement in lung 

disease, we noted a decrease in BAL Th1 cells by frequency and number, consistent with 

the idea that these cells may contribute to pathogenesis. However, numbers of Th17.1 cells, 

the cell type which may most closely approximate active Th1/Th17 plasticity, did not change 

with therapy. Although the frequency of Th17.1 cells increased after MAS-825, the number 

of such cells did not appreciably change, despite decreases in both number and frequency 

of other activated T cell populations (e.g. Th1 and Th17). The change in Th17.1 frequency 

therefore reflects the loss of activated T cells of other lineages, rather than a true change 

in the numbers of these plastic cells themselves. Furthermore, under this model, normal 

lung Th17 cells are proposed to adopt alternate fates and therefore be lower in number in 

active SJIA-LD; conversely, these cells would be expected to increase with any return to 

homeostasis. However, numbers of Th17 cells actually decreased as the patient improved. 

Taken together, this patient’s decrease in Th1 cells fits this hypothesis and is also consistent 

with the known biologic effects of blocking IL-18, a Th1 promoting cytokine. However, 

the absence of an increase in Th17 and Treg populations (which were in fact decreased 

in our patient), and the stability of his Th17.1 population, may not be consistent with this 

hypothesis.

Neither drug hypersensitivity nor cytokine plasticity appear to have complete explanatory 

capacity based on the observations in this single patient experience, and both hypotheses 

currently await additional experimental and observational data. Notably, excess IL-18 in 

the lung features in both: promoting abnormal drug reactions in the former and supporting 

the inflammatory milieu that permits/propagates “cytokine plasticity” in the latter. In this 

single patient, combined IL-1β/IL-18 blockade represented a novel therapeutic approach to 

SJIA-LD and preliminarily appears safe and effective. Given the significant morbidity and 

mortality of this condition and the massive unmet need for effective therapies, we believe 

further trials of IL-18 targeted therapies are of urgent importance.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: Physical exam, radiographic, and histologic markers of SJIA-LD.
(A) Photograph of fingers prior to MAS-825 showing significant clubbing and 

erythematous, inflamed periungual tissue. (B) Representative image of lung CT prior 

to MAS-825 therapy demonstrating peribronchovascular interstitial thickening. (C) 

Photomicrograph of transbronchial biopsy of lesion demonstrating interalveolar cholesterol 

clefts (lower right) and foamy macrophages (upper left) consistent with the endogenous 

lipoid pneumonia pattern of SJIA-LD.
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Figure 2: Functional outcomes and patient- and physician-reported measures.
(A) Oxygen saturation (SpO2) during 6-minute walk test and 1 minute post-test, performed 

3 days prior to and 7.5 weeks after initiation of MAS-825. (B) Patient-reported scores on 

the PROMIS Pediatric Short Form V1.0 Physical Function Mobility Questionnaire for all 

available timepoints 45 weeks prior to and 45 weeks after initiation of MAS-825, with 

higher scores indicating better mobility. (C) Physician global assessment as reported by the 

treating rheumatologist for all available timepoints 45 weeks prior to and 45 weeks after 

initiation of MAS-825, with lower scores indicating lower disease activity.
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Figure 3: Longitudinal assessment of serum and BAL biomarkers.
Patient serum (A) and BAL fluid (B) cytokines were assessed for total IL-18, IL-18BP, 

and Free IL-18. (C) Serum CXCL9, LDH, ICAM5, and ferritin. Dashed horizonal lines 

represent upper limits of normal except blue and green lines, which represent the highest 

values among six healthy control patients for IL-18BP and ICAM5, respectively (data not 

shown). Open shapes indicate below limit of detection. Vertical line indicates initiation of 

MAS-825.
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Figure 4: Photomicrograph of cytospin from BAL prior to MAS-825 therapy.
(A) Acellular protein globule consistent with PAP. (PAS stain, 40X) (B) Numerous foamy 

macrophages present within the fluid. (PAS stain 40X) (C) High power view of acellular 

protein globule. (H&E stain 100X) (D) Lipid laden foamy macrophages. (Oil Red O stain 

100X)
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Figure 5: Flow cytometric analysis of immune populations from blood and BAL before and after 
MAS-825 therapy.
(A, B, D, E) Absolute counts and (C) frequencies of immune cell subsets in blood and 

BAL at a single timepoint pre- and post-MAS-825. (A) Major immune cell populations: 

CD8+ T-cells (CD45+CD3+CD8+CD4−), CD4+ T-cells (CD45+CD3+CD8−CD4+), 

CD14 macrophages (CD45+CD20−HLA−DR+CD14+) (B) Memory CD4+ T-cell 

(defined as all CD4+ T-cells not in the naïve CCR7+CD45RO− gate) populations: 

Th1 (CD25loCD127+CXCR3+CCR6−), Th17 (CD25loCD127+CXCR3−CCR6+), Th17.1 

(CD25loCD127+CXCR3+CCR6+), and total Treg (CD25hiCD127lo). (C) Naïve, Th1, 
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Th17, Th17.1, Treg, and other non-Treg memory CD4+ T cells not included among 

the preceding populations. (D) CD8+ T-cell populations: Naïve (CCR7+CD45RO−), 

Central Memory (CCR7+CD45RO+), Effector memory (CCR7−CD45RO+), EMRA 

(CCR7−CD45RO−). (E) CD14+ macrophage absolute counts dichotomized by CD16 

positivity. (F) HLA-DR median florescence intensity and corresponding histograms showing 

HLA-DR expression on CD14+ macrophages.
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Table 1:

Patient medications and clinical evaluations before and after MAS-825 treatment

Pre MAS-825 Post MAS-825

Medications
a Canakinumab 300 mg monthly

Tofacitinib 5 mg twice daily
Prednisone 5 mg daily
Celecoxib as needed
Pentamidine monthly

MAS-825 every 2 weeks

Daytime resting SpO2 95% 97%

Post-exercise SpO2 nadir 91% 97%

6-minute walk

 Pre SpO2 93% 99%

 Post SpO2 93% 97%

 Distance (m) 350 390

Pulmonary Function Tests
b

 FVC % Ref 61 66

 FEV1 % Ref 56 67

 FEV1/FVC 82 90

 DLCO [Hb] % Ref 59 59

 DLCO/VA % Ref 108 115

a
Doses of azithromycin and inhaled fluticasone/salmeterol did not change.

b
Test results from 1 week prior to initiation of MAS-825 and 40 weeks post are shown.

SpO2: peripheral oxygen saturation. FVC: Forced Vital Capacity. FEV: Forced Expiratory Volume. DLCO [Hb]: diffusion of carbon monoxide 
corrected for hemoglobin. DLCO/VA: diffusion of carbon monoxide corrected for alveolar volume. % Ref: percentage of age/height/sex-
appropriate reference value
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