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Abstract

Background Paediatric-onset Still's disease is a severe autoinflammatory disorder marked by high fever, systemic
inflammation, rash, organomegaly, and arthritis. Pulmonary complications, once anecdotally reported, have been
increasingly observed in paediatric Still's disease. A more severe lung involvement, Still-associated lung disease, has
emerged in the last ten years, including interstitial lung disease, pulmonary hypertension, and pulmonary alveolar
proteinosis (PAP). This complication carries significant morbidity and mortality. Its mechanism remains poorly
understood; current biologic therapies targeting interleukin (IL)-1 and IL-6 often prove insufficient, supporting the
need for innovative approaches or combined treatment.

Case presentation A 10-year-old girl with Still's disease developed PAP and pulmonary hypertension. After several
treatment failures and ongoing oxygen dependency, she responded favourably to a combination of baricitinib and
cyclosporine. This allowed for gradual corticosteroid tapering and eventual discontinuation, achieving sustained
disease control without further oxygen supplementation. Pulmonary assessment, echocardiography, cardiac
catheterization, bronchoalveolar lavage, and lung biopsy were performed, along with immunological profiling,
HLA typing, and genetic analysis. The type | IFN signature was closely monitored, with normalization observed after
reaching the therapeutic dose of baricitinib.

Conclusion This case provides evidence of the long-term efficacy and safety of baricitinib combined with
cyclosporine in managing Still-LD, offering a promising option for this severe complication.
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Background

Paediatric-onset Still's disease, formerly defined as Sys-
temic Juvenile Idiopathic Arthritis (sJIA), is characterized
by systemic inflammation, fever, organomegaly, cutane-
ous rash, serositis and adenopathy. It can be associated
with arthralgia or arthritis [1]. Although pulmonary
involvement in both paediatric and adult Still's disease
was previously considered rare and typically limited to
reversible pleural effusions or mild parenchymal changes,
it has emerged as a potentially severe and life-threaten-
ing manifestation, encompassing interstitial lung disease
(ILD), pulmonary hypertension, and pulmonary alveo-
lar proteinosis (PAP) [1-4]. This complication was ini-
tially observed in patients with severe disease, recurrent
macrophage activation syndrome (MAS), high exposure
to anti-interleukin (IL)-1/IL-6 [5], particularly in those
developing delayed hypersensitivity reactions resembling
drug reaction with eosinophilia and systemic symptoms
(DRESS) [3]. However, the pathogenetic mechanism
leading to this complication has not yet been clarified [2,
3,5].

We report the case of a ten-years-old girl of European
origin, with Still's disease complicated by lung involve-
ment, improving with a combination of JAK1/2 inhibitor
and cyclosporine.

Case report

The patient was referred to our institution at age six for
severe Still disease, poorly responsive to first- and sec-
ond-line therapies and recently complicated by pulmo-
nary involvement requiring oxygen supplementation.

The disease onset occurred at nine months with daily
fever, polyarticular arthritis, diarrhoea, hepatospleno-
megaly, as well as elevated inflammatory markers, ferri-
tin, transaminases, anaemia and leukocytosis. She tested
negative for ANA, ANCA, ASMA, autoimmune hepati-
tis- and celiac disease- associated antibodies.

She experienced injection-site reaction after the first
dose of anakinra (1mg/kg) and anaphylaxis after the
second monthly dose of the anti-IL-6 receptor antibody
tocilizumab (10mg/kg). The disease was successfully
controlled with canakinumab (4mg/kg every 4weeks)
combined with methotrexate (MTX) for three years,
with the latter gradually tapered and discontinued at
age five. One month after MTX discontinuation, she
presented recurrent fever episodes and, a few months
later, daily fever associated with diffuse lymphadenopa-
thies, hepatosplenomegaly, diarrhoea, headache, and
elevation of inflammatory markers (CRP 7mg/dL, ESR
36mm/h), including ferritin (880ng/mL). Positron Emis-
sion Tomography (PET) scan revealed increased uptake
involving the bilateral axillary and external iliac lymph-
nodes. Bone marrow aspiration and excisional biopsy
of the axillary lymph-node ruled out a malignancy; oral
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steroid treatment was therefore started with benefit.
Steroid tapering was attempted twice, unsuccessfully,
despite the reintroduction of MTX after 6 months.

At the age of six, due to the occurrence of persistently
low peripheral blood oxygen levels by pulse oximetry
(90%), requiring oxygen supplementation, the patient was
referred to our centre.

At first admission in our hospital, the patient’s therapy
included canakinumab (4mg/kg monthly), subcutane-
ous methotrexate (MTX, 7.5mg/week) and oral predni-
sone (0.5mg/kg/day). Persistent oxygen saturation below
90% was associated with clinical signs of chronic oxygen
deprivation (grade 2 finger clubbing of both hands and
feet). Spirometry was normal, while Diffusing Capacity
of the Lung for Carbon Monoxide (DLCO) test could not
be performed for inadequate cooperation. During admis-
sion, she developed persistent fever, and signs of mac-
rophage activation syndrome (MAS): elevated ferritin
(1825 ng/mlL), triglycerides (311 mg/dL), AST (140U/L);
reduction of fibrinogen (126 mg/dL) and platelets
(123000/uL). She did not display hypereosinophilia nor
skin rash. The ongoing treatment with canakinumab and
methotrexate was discontinued and she received high-
dose intravenous methylprednisolone and oral cyclospo-
rine (Fig. 1), resulting in prompt clinical and laboratory
improvement. Chest CT scan demonstrated focal inter-
and intra-lobular thickening of the lung, with regional
areas of honeycombing and lung hyperexpansion (Fig.
2A, B), as well as diffuse lymphadenopathies.

Bronchoalveolar lavage (BAL) revealed increased cel-
lularity with an enriched population of macrophages and
epithelioid histiocytes, many with features of large foamy
macrophages.

Lung parenchymal biopsy showed alveolar proteino-
sis with complex pneumopathy and arteriopathy (Fig.
2C-F).

Echocardiography and invasive cardiac catheterization
demonstrated the presence of severe pulmonary hyper-
tension (Supplementary materials); sildenafil was there-
fore initiated, achieving stable oxygen saturation without
need of oxygen supplementation. Systemic hypertension
required treatment with amlodipine and later bisoprolol.
Due to previous biological drug failure and positive type I
interferon (IFN) signature, detected during the diagnostic
work-up performed at admission (Fig. 1), treatment with
the JAK inhibitor baricitinib (4mg/day) was associated
with the ongoing treatment with prednisone and cyclo-
sporine, allowing a good control of the clinical picture
and the progressive tapering of corticosteroids (Fig. 1).
After 4months of treatment, in light of the persistently
mild elevation of CRP and the still positive interferon sig-
nature, baricitinib was increased to 6 mg/day. Six months
after the first admission, while on treatment with bar-
icitinib 6 mg/day, cyclosporine 3 mg/kg/day, prednisone
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Fig. 1 Timeline of Administered Therapies. Longitudinal representation of the therapies administered to the patient at our Centre following the onset
of sJIA-associated lung disease, along with their respective dosages. The x-axis represents the patient's age.The connected dot plot shows the trend of
the type | interferon signature in the patient. The dashed line represents the normal value. IFN-signature methods have been reported in Supplementary

Methods. IFN: interferon; PDN: prednisone

1mg/kg/day, sildenafil 15mg/day, amlodipine and biso-
prolol, the patient was in good clinical conditions, with
normal spirometry (Supplementary Figure S1); the echo-
cardiography showed a reduction in pulmonary hyper-
tension (SPAP 31 +5mmHg).

Of note, the patient tested positive for the HLA-
DRB1*15 haplotype, reported to be associated with an
increased risk of developing delayed hypersensitivity
reaction and related pulmonary disease, and the HLA-
DRB1*11 haplotype, associated with increased risk of
developing pediatric Still disease [6, 7]. A large panel for
Inborn Errors of Immunity was negative (Supplementary
Table S1).

Subsequent follow-up confirmed persistent disease
control with occasional articular exacerbations. At age
8, she developed transient SARS-CoV-2-related respi-
ratory failure, resolved with brief oxygen support and
no complications. After 3years of baricitinib and cyclo-
sporine, steroidal treatment was withdrawn and, at age
9, with stable spirometry, DLCO and 6MWT, sildenafil
was tapered and discontinued. At the time of writing,
3.5years after lung disease onset, the patient is stable on
cyclosporine (2mg/kg/day), baricitinib (6 mg/day), amlo-
dipine and bisoprolol, with no disease reactivation, nor-
mal inflammatory markers and IFN signature. Chest CT
confirmed complete resolution of acute features of pneu-
mopathy with a marked improvement in honeycombing
(Fig. 2A, B).

Discussion

This manuscript presents the successful long-term man-
agement of a case of pediatric Still-LD with the associa-
tion of JAK inhibitor and cyclosporine. The underlying
mechanisms and the best management of this condition
remain poorly understood.

Interleukin-18 has been implicated in Still-LD patho-
genesis. High IL-18 levels in serum [2, 8] and BAL [2],
along with anecdotal improvement with anti-IL-18 ther-
apy, suggest a role in pulmonary inflammation [9, 10]. In
our case, IL-18 dosage was unavailable at JAK inhibitor
initiation, but it was normal at last follow-up, along with
CXCL9, CXCL10, and IFN-y (Supplementary Table S2).
A positive type I IFN signature during active disease fur-
ther supports an underlying immune dysregulation con-
tributing to pulmonary and systemic pathology (Fig. 1).

Certain factors have been associated with the risk of
developing Still-associated lung disease, including early
onset of Still’s disease, MAS, anaphylaxis to biologic ther-
apies, and specific HLA subtypes [4].

Over the past two decades, advances in Still manage-
ment have significantly improved survival, especially in
case of recurrent MAS. Still-LD may represent a com-
plication in patients with severe systemic disease who, in
past decades, may not have survived long enough for pul-
monary involvement to manifest [1].

Biologic agents targeting IL-1 and IL-6, commonly
used in Still, have been associated with hypersensitivity
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Fig. 2 (See legend on next page.)

reactions resembling DRESS syndrome, as well as with  appears to parallel the growing use of these medications

the development of lung manifestations [7, 11, 12]. Addi-  [4, 12].

tionally, the rise in Still-LD cases over the past decade Our patient carries the HLA-DRB1*15 allele, associ-
ated with DRESS-like reactions and lung disease [7], and
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Fig. 2 Chest CT scan (A-B) from admission to the last follow-up and histological examination of the lung (C-F) in the reported patient. In panel A, the
image on the left shows thickening of the interlobular and intralobular septa with early signs of honeycombing in the right upper lobe at the time of
admission, while the image on the right shows the normalization of the findings at the end of the follow-up. Similarly, panel B shows the same normal-
ization of findings in the middle lobe. Panels C-F show histological examination of the lung. C) lung parenchyma showed multifocal dilatation of the
alveolar spaces with rupture of septa, indicating a condition of emphysema. Hematoxylin-eosin 20x magnification. D) areas characterised by alveolar
spaces filled with eosinophilic, granular proteinaceous material, and foamy histiocytes were observed (arrows), image referable to alveolar proteinosis.
Hematoxylin-eosin 20x magnification. E) proximal and distal arterioles with hypertrophy of the muscular tunica and intimal hyperplasia were observed
(arrows). Hematoxylin-eosin 4x magnification. F) in addition to alveolar proteinosis, a deposition of cholesterin needles with sclerohyalinosis were also

observed (circle). Hematoxylin-eosin 40x magnification

developed hypersensitivity reactions to both anakinra
and tocilizumab prior to lung involvement. Although
hypereosinophilia was not observed during active dis-
ease (while on high-dose steroid therapy) or follow-up,
its presence at earlier stages cannot be excluded and may
have contributed to lung disease development.

The role of immunosuppressive therapy in Still-LD
remains debated. The increasing availability of biologics
has likely reduced the use of traditional immunosuppres-
sants. Emerging evidence suggests that T lymphocytes
play a pathogenic role in lung involvement [2, 5]; accord-
ingly, insufficient immunosuppressive therapy in the
management of systemic disease may increase the risk
of pulmonary complications. Interestingly, our patient
presented clear signs of lung disease approximately one
year after the initial discontinuation of methotrexate, and
after the the reactivation of the systemic features of the
disease, without response to the reintroduction of meth-
otrexate. Following withdrawal of the ongoing treatment,
the introduction of cyclosporine, together with induc-
tion corticosteroid therapy and subsequent initiation of a
JAK inhibitor, led to resolution of the lung disease. This
clinical course supports a potential role for immunosup-
pressive therapy, particularly T-cell-targeted immuno-
suppression, in the management of this complication.

With the inherent limitations of a single-case descrip-
tion, we observed sustained improvement of the clinical
picture and good long-term safety with the combination
of cyclosporine and baricitinib: the COVID-19 infection
had an uncomplicated course, and no reactivation of her-
pesvirus infections—a possible complication of the com-
bined treatment—was observed. Recently, eight cases of
pediatric Still-LD treated with different JAK inhibitors
have been described, with variable response: four out
of eight patients achieved complete symptoms control,
including two who remained stable after steroid discon-
tinuation. However, in three patients this treatment was
not effective in disease control, even if a progression of
the lung involvement was reported only in one case [13].
A case series of nine patients revealed benefit with tofaci-
tinib and, consequently, JAK1 and JAK3 blockade [14].
Other isolated reports support the efficacy of JAK inhibi-
tors in pediatric Still [15-18]. The data currently avail-
able are not sufficient to demonstrate superior efficacy
of any specific JAK inhibitor in pediatric Still's disease.

We decided to treat our patient with baricitinib because
it has been shown to be effective in patients with mono-
genic interferonopathies [19], it was already approved for
the treatment of rheumatoid arthritis and a clinical trial
in pediatric juvenile idiopathic arthritis was ongoing at
the time of treatment initiation.

In this case, monitoring the interferon signature helped
guide modulation of JAK inhibitor therapy; in particular,
its increase, together with a rise in CRP four months after
treatment initiation, and in the absence of concomitant
infectious events, allowed us to successfully increase the
baricitinib dosage.

The emerging role of JAK inhibitors in Still-LD is
particularly noteworthy, as they may modulate IL-18
expression by interfering with transcriptional regula-
tion mediated by STAT and NF«B, thus disrupting the
crosstalk between type I IFN, TLR signals, and IFN-y-
driven inflammation [13, 20]. Furthermore, blocking the
JAK pathway has been shown to reduce TNEF-induced
caspase-1 expression and IL-18 bioactivity in rheuma-
toid arthritis synovial fibroblasts [21]. However, the lack
of response to this drug reported in some patients may
underline a different pathogenetic mechanism in such
cases [13].

Notably, at the onset of pulmonary involvement, our
patient presented with an acute clinical picture domi-
nated by hypoxemia and histological evidence of PAP on
lung biopsy, despite only focal abnormalities on imaging.
In addition to the immunosuppressive therapy adminis-
tered, supportive measures were crucial, including the
screening and timely treatment of pulmonary hyperten-
sion, as well as management of systemic arterial blood
pressure.

In conclusion, combining JAK inhibitors with T-lym-
phocyte—targeting immunosuppressants such as cyclo-
sporine may offer an effective treatment strategy in
paediatric-onset Still disease with lung involvement; fur-
ther studies are needed to clarify their role and identify
possible biomarkers of therapeutic response.
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IL-6 Interleukin-6

IL-18 Interleukin-18
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