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Case report: JAK1/2 inhibition with baricitinib @
in the treatment of STING-associated
vasculopathy with onset in infancy

Jiangiang Wu', Qing Zhou?, Hua Zhou? and Meiping Lu'"

Abstract

Background Gain-of-function mutations in STINGT (also known as TMEM173) which result in constitutive activation
of STING, have been reported to cause STING-associated vasculopathy with onset in infancy (SAVI). Although a wider
spectrum of associated manifestations and perturbations in disease onset have been observed since its description,
the genotype-phenotype correlations are not definite, and there is no established treatment protocol for SAVI.

Case presentation Herein, we report a kindred, heterozygous STING mutation (p.V155M) in which the 2-year-old
proband suffered from severe interstitial lung disease (ILD) while her father was initially misdiagnosed with connective
tissue disease associated with ILD at an adult age. Baricitinib was initiated after the diagnosis of SAVI in the proband
combined with steroids, and during the 14-month follow-up, the respiratory symptoms were improved. However,

as the improvement of laboratory indicators was limited, especially in autoimmune indices, and the lung CT images
remained unaltered, it seems that JAK1/2 inhibition was unsatisfactory in completely controlling the inflammation of
the disease in our study.

Conclusions Baricitinib was shown to elicit some effect on the ILD but failed to control the inflammation of the
disease completely. Further exploration of JAK inhibitors or other therapeutic strategies are needed to more optimally
treat this inflammatory disease.

Keywords STING-associated vasculopathy with onset in infancy (SAVI), Type | interferonopathy, Janus kinase
inhibitors (JAK inhibitors), Interstitial lung Disease (ILD)

Background

Gain-of-function mutations in STINGI (human trans-
membrane protein 173 gene), which result in constitu-
tive activation of STING, have been reported to cause
an autoinflammatory syndrome termed SAVI (STING-
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no established treatment protocol for SAVI. Conven-
tional immunosuppressive therapies failed to treat most
patients [1, 2]. Based on its pathogenesis, the use of Janus
kinase (JAK) inhibitors has recently been presumed to
be a promising therapy for SAVI [3]. We herein reported
a case of SAVI with severe pulmonary involvement, in
which treatment with the JAK1/2 inhibitor baricitinib
achieved some expected responses, and then summa-
rized the characteristics of disease presentations for early
diagnosis and prognosis.

Case presentation

A 2-year-6-month-old girl was referred to our hospi-
tal due to complaints of fever, cough, and tachypnea 10
days prior to her presentation. Upon admission, physical
examinations revealed a body temperature of 38.5 °C, and
percutaneous oxygen saturation (SpO2) was 67% in room
air. Chest auscultation revealed fine crackles in the pos-
terior lung fields. Clubbing fingers, pigeon breast defor-
mity, and chilblain-like rash on her face were observed
(Fig. 1A, B, C). Her anterior fontanelle was not closed
(0.3 cmx0.3 cm). Other cutaneous manifestations were
not observed. The patient displayed a height of 87 cm
(-1.08 SD) and a weight of 11.5 kg (-0.82 SD). The patient
experienced recurrent respiratory tract infections since
the age of 6 months (once a month), and fatigue after
activities was noticed beginning at 2 years of age. Family
history found that her 27-year-old father had chest tight-
ness and shortness of breath after activity beginning at 22
years of age. The clubbed fingers presented in all limbs,
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and mild tissue loss showed up on his face (Fig. 1D, E).
Chest high-resolution computed tomography (HRCT)
showed interstitial pneumonia with pulmonary cyst
(Fig. 2A), and pulmonary function tests indicated mixed
ventilation dysfunction. Combined with positive levels
of antinuclear antibodies (ANA) and signal recognition
particles (SRP) autoantibody, he was initially diagnosed
with connective tissue disease (CTD) associated with
ILD. After receiving combined therapy with cyclophos-
phamide and hydroxychloroquine for half a year, the
symptoms have been improved while continuing to take
hydroxychloroquine. However, about three years ago, the
drug was stopped for unknown reasons, and the symp-
toms of dyspnea reappeared and slowly progressed.
Laboratory examinations of the female patient
found an elevation in the levels of C-reactive protein
(CRP, 54.19 mg/L, reference range: <8 mg/L), eryth-
rocyte sedimentation rate (ESR, 89 mm/H, reference
range: <20 mm/H), and white blood cell count (WBC,
16.3x103/mm?, reference range: 4 to 10x10°/mm?).
There was no elevation of hepatobiliary enzymes, and her
renal and thyroid functions were normal. The autoim-
mune workup revealed elevated levels of IgG (25.3 g/L),
IgA (3.26 g/L), and IgM (1.69 g/L) despite normal levels
of C3 and C4 complement. Decreased CD4+T lympho-
cyte counts and normal CD8+T lymphocyte counts were
identified. This patient was positive for auto-antibodies,
including high-titer ANA (1:1000), anti-neutrophil cyto-
plasmic antibodies (ANCA), rheumatoid factor (RF),
and anti-cyclic citrullinated peptide (CCP) antibodies.

Fig. 1 Clinical manifestations of the proband and her father. (A) Clubbing fingers of the proband. (B) Pigeon breast deformity of the proband. (C) Facial
rashes of the proband. (D, E) The presence of clubbing fingers and facial tissue loss in the proband’s father
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Fig.2 Chest computed tomography findings. (A) CT scan of the proband’s father shows interstitial pulmonary inflammation. (B-F) CT scan of the proband
(B) before treatment (Day 1); (C) after treatment of antibiotics and IVIG (Day 7); (D) after treatment of MP pulse, and 1 week after baricitinib (Day 38) (E) after

severe pneumonia in the 4th month; (F) 14 months after first discharge

Cytokine testing showed an elevated interleukin (IL)-6
level (62.4 pg/ml, reference range: 1.7 to 16.6 pg/ml).
Pathology tests were negative, and malignancy was
ruled out. HRCT scanning of the chest exhibited dif-
fuse ground-glass opacities (Fig. 2B). Brain magnetic
resonance imaging showed widened cerebral sulci and
enlarged extra-axial spaces. No abnormalities were found
in the electrocardiogram or the echocardiogram. The
results of abdominal ultrasound and vascular ultrasonog-
raphy were normal.

The female (child) patient was initially diagnosed with
ILD accompanied by severe pneumonia and received
anti-infection treatment with intravenous immuno-
globulin (IVIG) (2 g/kg). However, the patient’s symp-
toms did not respond to the treatment (Fig. 2C), and
she experienced hypoxic respiratory failure on Day 12,
which required endotracheal intubation and mechani-
cal ventilation. Therapies with methylprednisolone (MP)
pulse (30 mg/kg/dx5d) were started on Day 13 followed
by intravenous MP in 4 mg/kg daily dosage combined
with a second course of IVIG (1 g/kg/dx3d). After the
treatment, symptoms of dyspnea improved, and the
ventilator was withdrawn on Day 22. At the same time,
whole-exome sequencing was also performed, and

genetic analysis by Sanger sequencing confirmed a het-
erozygous mutation (c.463G>A p.V155M) in Exon 5 of
STING1 (NM_198282), which had been described to
cause SAVI. The mutation was inherited from her father
(Fig. 3). RNA sequencing on the proband and her father
was conducted, which found that the expression of genes
related to the interferon pathway was significantly upreg-
ulated compared to that of healthy controls (Fig. 4). After
the diagnosis of SAVI, baricitinib (2.5 mg/day gradually
increased to 3 times a day within 2 weeks) was added
with prophylactic trimethoprim/ sulfamethoxazole, and
the dose of MP was reduced to 2 mg/kg/d on Day 32.
Under appropriate treatment, the patient’s symptoms of
fever, tachypnea, breathlessness, and cyanosis improved,
while the repeated chest HRCT showed a better result
(Fig. 2D). Low-flow oxygen support (SpO2 at 94—95% in
room air) was required, and the patient was discharged
on Day 48, following the treatment of MP (1 mg/kg/d)
and baricitinib (reduced to 2 mg three times a day). The
female (child) patient was followed for 14 months after
discharge. She was infected with severe pneumonia
in the fourth month. Although the respiratory symp-
toms improved after antibiotic therapy, combined treat-
ment with pirfenidone (2.5 mg twice-daily dosage) was
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Fig. 3 Pedigree of the patient with mutations in TMEM173. (A) Solid symbols indicate affected relatives, open symbols indicate unaffected relatives,
squares represent female persons, and circle represent male persons. H denotes heterozygous mutated gene, NM denotes nonmutated gene. P denotes
the proband, F denotes the father of the proband. (B) Whole-exome sequencing (WES) filtering was performed on patients and his relatives. M denotes
the mother of the proband, S denotes the sister of the proband, GF denotes the grandfather of the proband, GM denotes the grandmother of the proband
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Fig. 4 IFN score from whole blood for the proband before receiving baricitinib treatment, her father under the treatment of tofacitinib, and healthy
controls. P denotes the proband, F denotes the father of the proband, HC denotes a healthy control

administered due to the progressed interstitial pneumo-  indicators are still positive for ANA (1:1000), p-ANCA,
nia observed in HRCT (Fig. 2E). In the sixth month, we  RE, and CCP, while high IgG, IgA, and IgM immunoglob-
reduced the MP dose to 2 mg/d (0.13 mg/kg/d), which  ulin counts and low CD4+T lymphocyte counts remain.
has been maintained until now. During the follow-up, Levels of inflammatory markers like CRP and IL-6
the lung HRCT scan was stable after treatment (Fig. 2F);  were normal, while levels of ESR (29 mm/H) and IFN-y
however, there was no obvious improvement. Laboratory =~ (20.1 pg/ml) were slightly elevated. Nevertheless, the
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evaluation of clinical features showed that the respiratory
signs and symptoms have almost disappeared, except
for slight dyspnea after strenuous exercise. The patient’s
height increased from 87 cm (-1.08 SD) to 100 cm (-0.66
SD), weight increased from 11.5 kg (-0.82 SD) to 15.5 kg
(-0.28 SD), and the fontanel closed. The little girl now
lives a normal life.

After diagnosis, the male (father) patient received oral
steroids and tofacitinib combination therapy for over a
year, but there was no significant improvement in pul-
monary symptoms. Six months ago, tofacitinib was
changed to baricitinib combined with oral steroids, and
the patient felt an improvement in breathing difficulties.
However, similarly, there was no improvement in pulmo-
nary imaging findings.

Discussion and conclusions

In 2014, a new Mendelian disease, SAVI, was classified as
a novel type I interferonopathy, in which enhanced type
I IEN (IFN-I) pathway activation plays a key role [1]. The
IFN-I pathway produces innate immunity and antiviral
proteins by sensing aberrant dsDNA via cGAS-cGAMP-
STING axis, which activates IRF3 and IFN-I expression
[4—6]. In addition, cGAS-STING also mediates NF-kB
activation and interacts with various cell death and
senescence pathways [4, 5].

Herein, we described a case of SAVI caused by the
p-V155M heterozygous mutation of TMEM173, which
was inherited from the female proband’s father. To our
knowledge, more than 70 SAVI cases with autosomal-
dominant SAVI have been published since 2014 [6].
Disease onset of SAVI usually manifests by the age of
1 year [7], ranging from the neonatal period to adult-
hood, though adult onset is rarely observed. Vasculopa-
thy resulting from vasculitis and endothelial cell death
is a hallmark of SAVI. The major clinical characteris-
tics of SAVI are pulmonary involvement, skin disease,
recurrent systemic inflammation, and developmental
retardation. Other clinical features may overlap with
monogenic interferonopathies to some degree [7]. Pul-
monary involvement was noted in most studied patients
(67—-82%), which was the main reason for fatalities in
SAVI [8, 9]. In our report, the proband and her father
were found to have imaging changes in interstitial pneu-
monia. However, not all patients are symptomatic, as
demonstrated by our case, wherein the proband experi-
enced severe respiratory symptoms beginning at a young
age while her father was not overtly symptomatic until
an adult age. ILD was the prominent manifestation of
pulmonary involvement. It occurred early in the disease
and was initially insidious, characterized by early onset
progressive dyspnea, tachypnea, and/or cough, result-
ing in pulmonary fibrosis and end-stage respiratory fail-
ure. Diffuse alveolar hemorrhage was also reported in
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the literature [8, 10], which was a main feature of COPA
syndrome, another subtype of type I interferonopathy.
Ground-glass opacities were the most typical lesions of
chest CT, followed by crazy paving patterns, reticular
opacities, and cysts. The lesions were frequently asym-
metrical compared to other ILD lesions associated with
CTD [6, 7, 11]. Pulmonary function tests usually show
nonspecific effects, mainly exhibiting a restrictive pattern
with diffusion impairment, but may also associate with
an obstruction or a mixed lung function impairment [7,
9]. Pulmonary function tests were not performed on this
patient due to her young age.

Skin disease of variable severity is displayed in 68.6—
86% of patients [2, 7]. Severe skin vasculopathy can
present in the nose, cheeks, ears, and acral zones, with
extreme skin phenotypes involving perforation of the
nasal septum, gangrene of the extremities, and extensive
tissue loss. Mild lesions comprise acral and malar rash,
purpuric rashes, chilblain lesions, telangiectasia, nail
dystrophy, and livedo reticularis. Symptoms of alope-
cia, sparse and thin hair, and oral mucosal lesions were
reported in some cases [7, 11]. Skin biopsies often reveal
vasculopathy including perivascular inflammation and
vasculitis [1, 12]. SAVI itself may carry an infectious sus-
ceptibility [12]. Failure to thrive is a common feature, as
weight and height remained below standard deviations
[7]. In our case, growth retardation was characterized by
substandard height and weight, and skeletal dysplasia,
such as delayed fontanel closure and pigeon breast defor-
mity. Besides, articular manifestations are frequent in
patients with positive RF. Bone destruction will develop
as the disease progresses. In addition, other accompany-
ing symptoms including recurrent febrile attacks, myo-
sitis, osteoarthropathy, neurological manifestations,
hepatitis, cardiac disease (subepicardial ischemia, peri-
carditis), and kidney involvement (microscopic hematu-
ria and mild proteinuria) were reported in sporadic cases
[7-9, 11, 12].

Laboratory tests of previous studies revealed that SAVI
is characterized by systemic inflammation with increased
levels of CRP and ESR, which may hardly return to nor-
mal [13]. Immune function tests demonstrated hyper-
immunoglobulinemia, mainly hyper-IgG and IgA levels
despite variable IgM levels. Complement levels were nor-
mal in most patients. Mild decreases in CD3+and
CD4+T lymphocytes and elevations in CD19+B lym-
phocytes were frequently observed, while decreased per-
centages of central memory CD8+and effector memory
CD8+T lymphocytes with increased percentages of naive
CD4+and CD8+T lymphocytes were common [7, 8,
11]. Other common laboratory features of SAVI include
positive autoantibodies, mostly high titers of ANA
and ANCA with low specificity for MPO and PR3, fol-
lowed by anti-cardiolipin antibody, lupus anticoagulant,
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anti-double-stranded DNA antibody, and anti-phospho-
lipid antibody [12]. These autoantibodies highlight the
early differential diagnosis with systemic lupus erythema-
tosus or ANCA-vasculitis. Increased RF and CCP were
documented, which, when complicated with arthralgia
symptoms in early onset, may also confound the diag-
nosis [14]. High levels of IFN score and STAT1 phos-
phorylation were recorded in the tested patients [11].
The index case presented typical laboratory features
and clinical symptoms. During the 14-month follow-up,
the respiratory symptoms were improved, and the chest
HRCT was not aggravated after the combined treatment
of the baricitinib and steroids. However, improvement of
laboratory indicators was limited, especially in autoim-
mune indices.

Since the first description of SAVI in 2014, a total
of 19 types of pathogenic variants in STINGI includ-
ing p.H72N, p.R94H, p.V147M/L, p.F153V/I, p.N154S,
p.V155M, p.G158A, p. G166E, p.C206Y/G, p.G207E,
p-R281W (homozygous mutation), p.R281Q, p. R284G/S,
and p.K338Rfs*9 have been reported, with 2 (p.R94H,
p-K338Rfs*9) of them expressed as uncertain significance
[6, 15]. These mutations were heterozygous, and most
of them were de novo. Previous reports suggested that
SAVI remains to be reported as an exclusively autoso-
mal-dominant disease [6]. However, recent reports have
presented that autosomal-recessive inheritance caused
by homozygous missense pathogenic variants (such as
p-R281W) was found in STINGI [16]. Thus far, the gen-
otype-phenotype correlations are not definite due to the
limited cases. Jinying Li et al. [17] found that the pheno-
types of SAVI in their study have considerable variabil-
ity compared to the same mutation previously reported.
Rohit G. Saldanha et al. [18] suggested that the sever-
ity and natural courses of the disease may not relate to
mutation type. A recent literature review also returned
no obvious phenotypic differences among mutations [7].
As for reasoning, Rensheng Wan et al. supposed that
other factors (environmental factors, ethnic background,
etc.) in addition to inheritance patterns that resulted in
various genotypes-phenotypes should be considered [16].
Nevertheless, a few studies suggested that some clinical
features of SAVI may be related to corresponding muta-
tions. Several authors confirmed that patients with the
inherited p.V155M variant have a less severe disease
course than those with de novo variants [1, 16]. A system-
atic review demonstrated that, compared to patients with
the p.V155M mutation, patients with p.N154S mutations
had earlier disease onsets and more severe skin lesions,
with no differences in respiratory symptoms [2]. These
phenomena of heterogeneity on phenotypes were also
observed in mouse models [19]. Our case demonstrates
the phenotypic heterogeneity of the same genotype
in pulmonary disease. The two patients have identical
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genotypes, but show distinct differences in the onset and
progression of their pulmonary manifestations. The pro-
band had early-onset and rapidly progressive pulmonary
failure in childhood, while her father had late-onset and
slowly progressive pulmonary lesions in adolescence.
Moreover, the proband’s father did not suffer from any
noticeable growth retardation, which differed from
the proband’s phenotype. Above all, the relationships
between genotype and phenotype remain for further
study.

Currently, there is no standard treatment approach
for SAVIL. The treatment effects of immunosuppressive
agents and biological therapies are mostly limited. Sys-
temic corticosteroids are partially effective in SAVI, yet
combination therapies with traditional disease-modi-
fying anti-rheumatic drugs and IVIG had no significant
additional effect [2, 11]. Besides, biological agents includ-
ing TNF-a inhibitors, anti-CD20 antibody, anti-IL-6
inhibitor, and anti-BLyS antibody have disappointing effi-
cacy in SAVI [12, 14]. Based on the disease pathogenesis
and the understanding that IFN-I signaling upregulation
subsequently activates the JAK /signal transducer and
activator of transcription (STAT) pathway, JAK inhibi-
tors have been raised as new potential treatment options.
The first use of a JAK inhibitor (ruxolitinib, a selective
JAK1/2 inhibitor) in SAVI was reported in 2016 in three
cases, which resulted in marked positive effects on skin
symptoms, CRP level, interstitial pneumonia, and pulmo-
nary function [20]. Subsequently, the treatment of SAVI
with JAK inhibitors has been brought to the forefront
and evaluated in more case reports. An overviewing
report found that SAVI patients undergoing ruxolitinib
treatment before the occurrence of irreversible dam-
age improves clinical features of the disease, especially
lung damage [7, 21]. However, there is no consensus on
the efficacy of ruxolitinib. Combined treatment of cor-
ticosteroids with ruxolitinib in a case report demon-
strated rapid improvements in pulmonary hypertension
and general well-being as well as resolution of the IFN
gene signature, but such treatment coincided with the
progression of nasal septal erosion [18]. Moreover, Yan
Wang et al. [11] reported that two patients who under-
went ruxolitinib treatment exhibited poor responses
including a fatality. They speculated that the moribund
patient may have succumbed due to the severe disease
status and the late introduction of ruxolitinib. Another
case with sustained elevation of circulating inflamma-
tory cytokines may have resulted from insufficient dos-
age. Another selective JAK1/2 inhibitor, baricitinib, was
also assessed in SAVI patients. In four cases, baricitinib
treatment improved the skin flare, inhibited the further
loss of digits, stabilized the ILD and respiratory func-
tion, and reduced the requirement of glucocorticoids,
while inflammatory markers did not decrease to normal
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[3]. A recent case report found that baricitinib treatment
may have a mitigating effect on disease phenotype, but it
failed to prevent further progression of the disease and
improve the patients’ IFN signature [16]. Of note, the
half-life of baricitinib, the dosage, and the time of admin-
istration should be considered when evaluating treat-
ment effects [22, 23]. Baricitinib was chosen in our case
and showed some effect on ILD and inflammatory index.
However, compared to JAK1/2 inhibitors, the JAK1/3
inhibitor tofacitinib seems to be less effective. Wendao
Li et al. [13] reported two SAVI cases treated with bar-
icitinib and tofacitinib, respectively. They both showed
an improvement in the disease scores, but baricitinib
treatment resulted in a dramatic improvement in lesions
of diffuse cords, patchy consolidation, and ground-
glass opacities while tofacitinib treatment did not [13].
Although a marked suppression of the IFN signature and
therapeutic effects on skin lesions were observed after
treatment with tofacitinib [24], the pulmonary defects
remained unchanged [25]. Moreover, Xiaolei Tang et al.
described two SAVI patients with p.V155M mutations
receiving combined treatment of tofacitinib with unsat-
isfactory consequences [8]. Poor therapeutic effects were
observed in improving rashes and ILD and reducing the
dosage of steroids. Another patient with early onset SAVI
who received short-term tofacitinib treatment died at the
age of five months due to respiratory failure [26]. An in
vitro study confirmed that tofacitinib could not inhibit
dsDNA-triggered, STING-dependent IRF3 phosphory-
lation in a SAVI model, which suggested that it may not
provide an optimal therapeutic intervention to prevent
STING-related disease [27]. These studies provide vari-
ous responses of SAVI patients to JAK inhibitors. The
other hypothesis regarding a linkage between the treat-
ment response and a given mutation type needs to be
queried in the future, as more SAVI cases will undoubt-
edly be reported. In addition, we should pay attention
to the higher risk of viral infections under the use of
JAK inhibitors, as it might aggravate pulmonary fibrosis
[16, 28]. Besides, other therapeutic strategies including
monoclonal antibodies to IFN-I receptors and STING
inhibitors might provide promising therapeutic perspec-
tives [6].

In summary, we describe a case diagnosed as SAVI
with severe ILD, which remains stable under the combi-
nation therapy of baricitinib and steroids. It seems that
baricitinib expressed a therapeutic effect on SAVI in
some ways. However, the lung CT image shows no obvi-
ous improvement. In general, based on previous litera-
ture, JAK inhibitors failed to control the inflammation
of the disease completely, which calls for further explo-
ration of JAK inhibitors or other therapeutic strategies,
such as monoclonal antibodies to IFN-I receptors or
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STING inhibitors, to more optimally treat this inflamma-
tory disease.
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ANCA  anti-neutrophil cytoplasmic antibodies
RF rheumatoid factor

ccp cyclic citrullinated peptide

IL interleukin

IVIG intravenous immunoglobulin

MP methylprednisolone

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/512969-023-00916-6.

[ Supplementary Material 1 J

Acknowledgements
We want to express our thanks to the participating patient and her families for
their support.

Authors’ contributions

JQW and MPL initiated the work. JQW collected the data and wrote the
manuscript. HZ collected data and provided data analysis and interpretation.
QZ contributed to the analysis of data. JOW and MPL revised and edited the
manuscript. All authors contributed to the article and approved the submitted
version.

Funding
There was no external funding for this manuscript.

Data availability
Important data are within the paper. The datasets generated during current
study are not publicly available for privacy reasons, as well as ethical reasons.

Declarations

Ethics approval and consent to participate
Ethics approval was not applicable. Informed consent was obtained from the
patient.

Consent for publication

Consent for publication was obtained from the patient’s guardian. Written
informed consent was obtained from the legal guardians as the patient was
aged < 16 years. This was applicable for all potentially identifiable information
contained within the manuscript file and is available for review by the editor
of the journal.

Competing interests
The authors declare that they have no competing interests.

Received: 26 May 2023 / Accepted: 16 October 2023
Published online: 26 October 2023


https://doi.org/10.1186/s12969-023-00916-6
https://doi.org/10.1186/s12969-023-00916-6

Wu et al. Pediatric Rheumatology

(2023) 21:131

References

1.

LiuY, Jesus AA, Marrero B, Yang D, Ramsey SE, Sanchez GAM, et al.

Activated STING in a vascular and pulmonary syndrome. N Engl J Med.
2014,371(6):507-18. https://doi.org/10.1056/NEJMoa1312625.

Dai, Liu X, Zhao Z, He J, Yin Q. Stimulator of Interferon genes-Associated
Vasculopathy with Onset in Infancy: a systematic review of Case Reports.
Front Pediatr. 2020;8:577918. https://doi.org/10.3389/fped.2020.577918.
Sanchez GAM, Reinhardt A, Ramsey S, Wittkowski H, Hashkes PJ, Berkun

Y, et al. JAK1/2 inhibition with baricitinib in the treatment of autoinflam-
matory interferonopathies. J Clin Invest. 2018;128(7):3041-52. https://doi.
0rg/10.1172/jci98814.

Skopelja-Gardner S, An J, Elkon KB. Role of the cGAS-STING pathway in
systemic and organ-specific Diseases. 2022;18(9):558-72. https://doi.
0rg/10.1038/541581-022-00589-6.

Decout A, Katz JD, Venkatraman S, Ablasser A. The cGAS-STING pathway as a
therapeutic target in inflammatory Diseases. 2021;21(9):548-69. https://doi.
0rg/10.1038/541577-021-00524-z.

David C, Frémond ML. Lung inflammation in STING-Associated Vascu-
lopathy with Onset in Infancy (SAVI). 2022;11(3). https://doi.org/10.3390/
cells11030318.

Frémond ML, Hadchouel A, Berteloot L, Melki |, Bresson V, Barnabei L, et al.
Overview of STING-Associated Vasculopathy with Onset in Infancy (SAVI)
among 21 patients. J Allergy Clin Immunol Pract. 2021;9(2):803-18e11.
https://doi.org/10.1016/}.jaip.2020.11.007.

Tang X, Xu H, Zhou C, Peng Y, Liu H, Liu J et al. STING-Associated Vasculopathy
with Onset in Infancy in three children with New Clinical aspect and unsat-
isfactory therapeutic responses to Tofacitinib. 2020;40(1):114-22. https://doi.
0rg/10.1007/510875-019-00690-9.

Frémond ML, Crow YJ. STING-Mediated lung inflammation and Beyond. J Clin
Immunol. 2021;41(3):501-14. https://doi.org/10.1007/510875-021-00974-7.
Ladoux C, Pasquet M, Crow YJ, Frémond ML, Roditis L. STING-Associated
Vasculopathy with Onset in infancy (SAVI) presenting as massive intra
alveolar Hemorrhage. J Clin Immunol. 2023. https://doi.org/10.1007/
$10875-023-01431-9.

Wang Y, Wang F, Zhang X. STING-associated vasculopathy with onset in
infancy: a familial case series report and literature review. Ann Trans| Med.
2021;9(2):176. https://doi.org/10.21037/atm-20-6198.

Staels F, Betrains A, Doubel P, Willemsen M, Cleemput V, Vanderschueren S,
et al. Adult-Onset ANCA-Associated Vasculitis in SAVI: extension of the phe-
notypic spectrum, Case Report and Review of the literature. Front Immunol.
2020;11:575219. https;//doi.org/10.3389/fimmu.2020.575219.

LiW, Wang W, Wang W, Zhong L, Gou L, Wang C, et al. Janus Kinase Inhibitors
in the treatment of type | interferonopathies: a Case Series from a single
Center in China. Front Immunol. 2022;13:825367. https://doi.org/10.3389/
fimmu.2022.825367.

Nishida T, Nakano K, Inoue Y, Narumi-Kishimoto Y, Kaname T, Akashi K, et al.
Stimulator of Interferon genes-associated Vasculopathy with an onset in
Infancy diagnosed after the development of atypical pulmonary lesions dur-
ing treatment as juvenile idiopathic arthritis. Intern Med. 2021,60(7):1109-14.
https://doi.org/10.2169/internalmedicine.5305-20.

Milhavet F, Cuisset L, Hoffman HM, Slim R, EI-Shanti H, Aksentijevich |, et al.
The infevers autoinflammatory mutation online registry: update with new
genes and functions. Hum Mutat. 2008;29(6):803-8. https://doi.org/10.1002/
humu.20720.

Wan R, Fander J, Zakaraia |, Lee-Kirsch MA, Wolf C, Lucas N, et al. Phenotypic
spectrum in recessive STING-associated vasculopathy with onset in infancy:

20.

21.

22.

23.

24.

25.

26.

27.

28.

Page 8 of 8

four novel cases and analysis of previously reported cases. Front Immunol.
2022;13:1029423. https://doi.org/10.3389/fimmu.2022.1029423.

LiJ, An'S, Du Z. Familial interstitial lung Disease caused by mutation of

the STINGT gene. Front Pediatr. 2020;8:543. https://doi.org/10.3389/
fped.2020.00543.

Saldanha RG, Balka KR, Davidson S, Wainstein BK, Wong M, Macintosh R, et
al. A mutation outside the Dimerization Domain Causing Atypical STING-
Associated Vasculopathy with Onset in Infancy. Front Immunol. 2018;9:1535.
https://doi.org/10.3389/fimmu.2018.01535.

Motwani M, Pawaria S, Bernier J, Moses S, Henry K, Fang T, et al. Hierar-

chy of clinical manifestations in SAVI N153S and V154M mouse models.

Proc Natl Acad Sci U S A. 2019;116(16):7941-50. https://doi.org/10.1073/
pnas.1818281116.

Frémond ML, Rodero MP, Jeremiah N, Belot A, Jeziorski E, Duffy D, et al. Effi-
cacy of the Janus kinase 1/2 inhibitor ruxolitinib in the treatment of vasculop-
athy associated with TMEM173-activating mutations in 3 children. J Allergy
Clin Immunol. 2016;138(6):1752-5. https://doi.org/10.1016/jjaci.2016.07.015.
Volpi S, Insalaco A, Caorsi R, Santori E, Messia V, Sacco O, et al. Efficacy

and adverse events during Janus kinase inhibitor treatment of SAVI
Syndrome. J Clin Immunol. 2019;39(5):476-85. https://doi.org/10.1007/
$10875-019-00645-0.

Kim H, Brooks KM, Tang CC, Wakim P, Blake M, Brooks SR, et al. Pharmacoki-
netics, Pharmacodynamics, and proposed dosing of the oral JAKT and JAK2
inhibitor Baricitinib in Pediatric and Young Adult CANDLE and SAVI patients.
Clin Pharmacol Ther. 2018;104(2):364-73. https://doi.org/10.1002/cpt.936.
Cetin Gedik K, Lamot L, Romano M, Demirkaya E, Piskin D, Torreggiani S et al.
The 2021 European Alliance of Associations for Rheumatology/American Col-
lege of Rheumatology Points to consider for diagnosis and management of
Autoinflammatory Type | interferonopathies: CANDLE/PRAAS, SAVI, and AGS.
2022;74(5):735-51. https://doi.org/10.1002/art.42087.

Kénig N, Fiehn C, Wolf C, Schuster M, Cura Costa E, Tungler V, et al. Familial
chilblain lupus due to a gain-of-function mutation in STING. Ann Rheum Dis.
2017;76(2):468-72. https://doi.org/10.1136/annrheundis-2016-209841.

Seo J,Kang JA, Suh DI, Park EB, Lee CR, Choi SA, et al. Tofacitinib relieves
symptoms of stimulator of interferon genes (STING)-associated vasculopathy
with onset in infancy caused by 2 de novo variants in TMEM173. J Allergy Clin
Immunol. 2017;139(4):1396-9e12. https://doi.org/10.1016/}jaci.2016.10.030.
Lin B, Berard R, Al Rasheed A, Aladba B, Kranzusch PJ, Henderlight M, et al. A
novel STINGT1 variant causes a recessive form of STING-associated vasculopa-
thy with onset in infancy (SAVI). J Allergy Clin Immunol. 2020;146(5):1204-
8e6. https://doi.org/10.1016/jjaci.2020.06.032.

Konno H, Chinn IK, Hong D, Orange JS, Lupski JR, Mendoza A, et al. Pro-
inflammation Associated with a gain-of-function mutation (R284S) in the
Innate Immune Sensor STING. Cell Rep. 2018;23(4):1112-23. https://doi.
0rg/10.1016/j.celrep.2018.03.115.

Chia J, Eroglu FK, Ozen S, Orhan D, Montealegre-Sanchez G, de Jesus AA, et
al. Failure to thrive, interstitial lung Disease, and Progressive digital necrosis
with onset in infancy. J Am Acad Dermatol. 2016;74(1):186-9. https://doi.
0rg/10.1016/jjaad.2015.10.007.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1056/NEJMoa1312625
https://doi.org/10.3389/fped.2020.577918
https://doi.org/10.1172/jci98814
https://doi.org/10.1172/jci98814
https://doi.org/10.1038/s41581-022-00589-6
https://doi.org/10.1038/s41581-022-00589-6
https://doi.org/10.1038/s41577-021-00524-z
https://doi.org/10.1038/s41577-021-00524-z
https://doi.org/10.3390/cells11030318
https://doi.org/10.3390/cells11030318
https://doi.org/10.1016/j.jaip.2020.11.007
https://doi.org/10.1007/s10875-019-00690-9
https://doi.org/10.1007/s10875-019-00690-9
https://doi.org/10.1007/s10875-021-00974-z
https://doi.org/10.1007/s10875-023-01431-9
https://doi.org/10.1007/s10875-023-01431-9
https://doi.org/10.21037/atm-20-6198
https://doi.org/10.3389/fimmu.2020.575219
https://doi.org/10.3389/fimmu.2022.825367
https://doi.org/10.3389/fimmu.2022.825367
https://doi.org/10.2169/internalmedicine.5305-20
https://doi.org/10.1002/humu.20720
https://doi.org/10.1002/humu.20720
https://doi.org/10.3389/fimmu.2022.1029423
https://doi.org/10.3389/fped.2020.00543
https://doi.org/10.3389/fped.2020.00543
https://doi.org/10.3389/fimmu.2018.01535
https://doi.org/10.1073/pnas.1818281116
https://doi.org/10.1073/pnas.1818281116
https://doi.org/10.1016/j.jaci.2016.07.015
https://doi.org/10.1007/s10875-019-00645-0
https://doi.org/10.1007/s10875-019-00645-0
https://doi.org/10.1002/cpt.936
https://doi.org/10.1002/art.42087
https://doi.org/10.1136/annrheumdis-2016-209841
https://doi.org/10.1016/j.jaci.2016.10.030
https://doi.org/10.1016/j.jaci.2020.06.032
https://doi.org/10.1016/j.celrep.2018.03.115
https://doi.org/10.1016/j.celrep.2018.03.115
https://doi.org/10.1016/j.jaad.2015.10.007
https://doi.org/10.1016/j.jaad.2015.10.007

	﻿Case report: JAK1/2 inhibition with baricitinib in the treatment of STING-associated vasculopathy with onset in infancy
	﻿Abstract
	﻿Background
	﻿Case presentation
	﻿Discussion and conclusions
	﻿References


