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Introduction
Refractory Systemic Juvenile Idiopathic Arthritis (SJIA) 
remains a major source of morbidity and mortal-
ity in children with pediatric rheumatic disease [1, 2]. 
Although several potential therapeutic targets have been 
recently identified, only few patients have been enrolled 
in ongoing clinical trials. The  4th“NextGen Therapies 
for SJIA and MAS” virtual symposium organized by 
the “SJIA Foundation” and held February 13–14, 2022, 
brought together SJIA families, leading researchers, clini-
cians and representatives from Pharma and FDA with the 
main goals to identify barriers to clinical research in this 
area and develop new strategies to advance it.

Systemic Idiopathic Arthritis (SJIA; estimated U.S. 
prevalence of 1:10,000 children) is the most severe sub-
type of chronic childhood arthropathy, notable for 
marked systemic immune activation with features of 
autoinflammation, and development of severe joint dam-
age [2–6]. The licensing of IL-1 and IL-6-blocking mono-
clonal antibodies in 2012 resulted in superior control of 

SJIA-associated arthritis and systemic manifestations 
[7–11]. However, despite the use of these biologic dis-
ease modifying antirheumatic medications (b-DMARDs) 
about 15% of patients with SJIA develop macrophage 
activation syndrome (MAS), i.e. potentially fatal epi-
sodes of systemic hyperinflammation that are associ-
ated with hemophagocytosis [5, 6, 12, 13]. Furthermore, 
since the licensing of these b-DMARDs, children with 
SJIA (~ 5% in 2020) have increasingly been diagnosed 
with life-threatening chronic parenchymal lung disease 
(SJIA-LD) [14–16]. This has prompted speculations that 
drugs blocking IL-1 and/or IL-6 might contribute to the 
development of SJIA-LD [16]. Given high mortality and 
frequent need for hospitalization, there is an urgent need 
for life-saving treatments for SJIA-LD and MAS.

Translational research identified IFN-γ as the pivotal 
cytokine in MAS [6, 17–19] and Phase II clinical trials are 
in progress [20]. In contrast, the nature of the SJIA-asso-
ciated lung disease remains elusive, and potential thera-
peutic targets in this disease still need to be defined. The 
typical histopathology of SJIA-LD includes (a) extensive 
lymphoplasmacytic inflammatory infiltrates in the lung 
interstitial tissue; (b) organizing pneumonia; (c) pleural 
and interlobular septal collagenous fibrosis; (d) vascu-
lopathy associated with muscular mural thickening of the 
pulmonary arteries; and (e) alveolar inflammation with 
accumulation of foamy alveolar macrophages with some 
features of pulmonary alveolar proteinosis (PAP) [15, 16]. 
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Features of PAP typically result from dysfunction of alve-
olar macrophages leading to accumulation of pulmonary 
surfactant in alveolar space, and it has been suggested 
that there may be acquired alveolar macrophages dys-
function in SJIA-LD.

Recent studies suggested potential risk factors for SJIA-
LD: (a) SJIA onset under age 2 years with predominantly 
systemic features and limited arthritis, (b) recurrent MAS 
episodes, (c) anaphylaxis-like reactions to b-DMARDs, 
(d) highly pruritic rash associated with peripheral eosino-
philia, (e) highly elevated serum IL-18 levels, and (f ) and 
HLA DRB1*15 alleles [15, 16]. Gene expression profil-
ing in SJIA-LD lung tissue revealed strong IFN-induced 
signature and numerous markers of T cell activation 
(predominantly Th1) [15]. Further, murine experiments 
showed that T-cell restricted overexpression of T-bet, a 
master transcription factor that drives production of the 
hallmark Th1 cytokine IFN- γ induces dysfunction of 
bone marrow macrophages, resulting in erythrophago-
cytosis locally, and alveolar macrophages dysfunction 
with the development of PAP-like lung pathology [21]. 
Together this suggests that either MAS alone or when 
combined with IL-1 or IL-6 blocking b-DMARDs con-
tribute to the development of SJIA-LD. Alternative pos-
sibilities include environmental factors like infections 
that could be favored by inhibition of IL-1 and IL-6 with 
biologics. Marked differences in the prevalence of SJIA-
LD in different geographic areas with similar patterns 
of utilization of b-DMARDS as well as large numbers of 
SJIA-LD cases reported in areas where b-DMARDs are 
not commonly used (China, India) support this hypoth-
esis. Alternatively, high rate of anaphylaxis-like reac-
tions as well as pruritic rash and peripheral eosinophilia 
observed in SJIA-LD patients point to the possibility 
of a delayed type hypersensitivity (DTH) reaction. The 
recently reported strong association between LD in SJIA 
and HLA DRB1*15 alleles, supports this hypothesis [22]. 
DTH may be driven by IFN- γ in response to either the 
monoclonal antibody (b-DMARD) itself or to the com-
mon excipient shared by these drugs (e.g., polysorbate). 
These possibilities create much apprehension among 
pediatric rheumatologists and families of children with 
SJIA worldwide whether anti-IL-1 and IL-6 b-DMARDs 
are truly safe for use in SJIA.

Further advancement of clinical studies focused on 
this patient population, however, has been hampered by 
the lack of agreement on whether SJIA patients with the 
lung disease should be classified as a separate diagnostic 
entity. In part, this is because arthritis is often absent in 
these patients while the systemic component of the dis-
ease seems more prominent compared to what has been 
historically seen in SJIA. As of now, the absence of arthri-
tis in many of these patients precludes the definitive 

diagnosis of SJIA rendering them ineligible for existing 
clinical trials in this disease. Furthermore, the existing 
outcome measures typically used in clinical trials in SJIA 
are focused mainly on arthritis and do not fully capture 
the systemic component, specifically the lung disease.

Discussions around this topic at the  4th “NextGen 
Therapies for SJIA and MAS” virtual symposium are cap-
tured by Nigrovic, et al. in Part 1 of the Proceedings. Fur-
thermore, the existing outcome measures typically used 
in clinical trials in JIA are focused mainly on arthritis and 
do not fully capture the systemic component, particularly 
the lung disease.

In Part 2, Drs. Grom and Schulert summarized further 
discussions that defined emerging distinct clinical pat-
terns of refractory SJIA. Considering the life-threatening 
nature of MAS and SJIA-LD, traditional placebo con-
trolled/withdrawal design clinical trials may not be ethi-
cally acceptable in these patient populations.

In Part 3, Dr. Fabrizio de Benedetti summarized discus-
sions focused on alternative designs that could be accept-
able to clinicians, parents, and regulatory authorities.

Since strikingly high of serum IL-18 levels appear to 
be a unifying feature of various subgroups of refractory 
SJIA, Dr. Canna and colleagues explored the possibility 
of incorporation this biomarker as an inclusion criterion 
and measure of treatment response to a drug candidate 
(Part 4).

In the meantime, the patients with refractory SJIA 
continue to experience not only high mortality but also 
profound disease- and medication-related morbidities 
that lead to permanent tissue damage, with long lasting 
detrimental effects on all aspects of the child’s quality of 
life. The degree of immunosuppression needed in most 
of these patients is unlikely to be sustainable in the long 
term due to increased risk of infection and malignancy. 
As the optimal drug management of SJIA-LD remains 
elusive, hematopoietic stem cell transplantation (HSCT) 
has emerged as a potential alternative strategy in the 
interim. In Part 5, Dr. Silva and colleagues reviewed the 
growing experience with HSCT specifically for patients 
with SJIA and summarized the discussion about the tech-
nical aspects, optimal timing and preliminary outcomes 
for several patients who underwent HSCT. This descrip-
tion includes patients who have not been previously 
reported.
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PAP  Pulmonary alveolar proteinosis
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