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Unraveling the diagnostic odyssey: stimulator of interferon
gene-associated vasculopathy with onset in infancy in a

30-year-old female
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Stimulator of interferon gene (STING)-associated vasculopathy with onset in infancy (SAVI) is an extremely rare autoinflamma-
tory disease. We present the case of a female Korean patient with early-onset interstitial lung disease who was initially suspected to
have systemic lupus erythematosus (SLE) but was ultimately diagnosed with SAVI. The patient exhibited signs of interstitial lung
disease and cutaneous manifestations before the age of 1 year and continued to have recurrent fever accompanied by pulmonary
infiltrates. Based on positive findings for antibodies associated with SLE, such as antinuclear antibodies and anti-double-stranded
DNA, the pulmonary involvement was considered a manifestation of SLE. Another significant symptom was recurrent skin ulcer-
ation, which led to partial spontaneous amputation of most of the toes due to inflammation. Given the early onset of interstitial
lung disease, severe skin ulcers, and symptoms resembling SLE, autoinflammatory syndrome, especially SAVI was suspected.
Following confirmation by genetic testing at age 29 years, the patient was started on tofacitinib, a Janus kinase inhibitor. Despite
the prolonged use of multiple immunosuppressive therapies, the patient’s lung condition continued to worsen, ultimately requir-
ing lung transplantation. This observational report highlights the importance of considering SAVI as a potential diagnosis when
manifestations of interstitial lung disease are observed during infancy. Early proactive treatment is crucial for lung involvement, as
this can have long-term effects on patient’s prognosis.
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INTRODUCTION

Stimulator of interferon gene (STING)-associated vascu-
lopathy with onset in infancy (SAVI) is an extremely rare au-
toinflammatory disease first reported in 2014. SAVI has been
confirmed in approximately 60 patients globally [1], with two
cases reported in Korea [2,3]. STING is a protein encoded by
the STING1 (previously named TMEM173) gene located on

chromosome 5 [4]. STING plays crucial roles in detecting cyclic
GMP-AMP synthase, inducing interferon synthesis, and regulat-
ing innate immune responses [5,6]. Increased STINGI function
is associated with increased production of the STING protein,
resulting in excessive inflammatory responses and symptoms
of SAVI. SAVI symptoms typically begin within months after
birth, mainly manifesting as vascular abnormalities. Character-

istic features are rashes on the face, ears, nose, fingers and toes,
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SAVI; rare autoinflammatory syndrome

which progress to ulcers and skin necrosis. Recurrent fever,
pulmonary damage, myositis, and joint stiffness can also occur.
Pulmonary damage presents as an interstitial lung disease that
causing respiratory distress. Treatment options are not well es-
tablished; however, partial effectiveness has been reported with
steroids, methotrexate, mycophenolate mofetil, infliximab, and
rituximab. Recently, treatment with Janus kinase (JAK) inhibi-
tors has been reported [3,7,8].

We report a female Korean patient initially suspected of hav-
ing systemic lupus erythematosus (SLE) but ultimately diag-
nosed with SAVL

CASE REPORT

The patient was born full term with a birth weight of 2.78 kg.

She was the second child of unrelated parents, with no signifi-
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Figure 1. Serum levels of anti-dsDNA antibodies of the patient.
Anti-dsDNA: anti-double-stranded DNA.

Table 1. Results of autoantibody tests

cant family history. Her sibling was healthy.

Cutaneous features developed at age 2 months, with an ery-
thematous rash and pustules on the forehead, cheeks, hands,
calves, and toes. These symptoms worsened with cold exposure.
The ulcerative lesions worsened with secondary bacterial infec-
tions and gradually led to distal necrosis.

The patient was first admitted to a local hospital at 7 months
of age with cough, mild fever, and coarse breathing sounds. She
had recurrent admissions owing to cough and bilateral perihilar
infiltrates on chest radiography. Inflammatory markers were
elevated, but microbiological analysis was negative, including
for tuberculosis. Treatment with antibiotics failed to relieve the
symptoms or improve the radiographic findings. Subsequently,
she experienced recurrent infections, including pneumonia,
skin infections, parotitis, and acute otitis media.

At age 4 years, she was referred for evaluation of suspected
immunodeficiency. She presented with erythematous skin le-
sions with papules and pustules on her face, palms, fingers, toes,
and soles. Laboratory results showed an elevated C-reactive
protein level of 5.5 mg/dL (reference range 0 to 0.5 mg/dL) and
an erythrocyte sedimentation rate of 81 mm/h (reference range
0 to 20 mm/h). Anti-double-stranded DNA (anti-dsDNA) anti-
body test results were weakly positive. Anti-dsDNA levels over
time are graphed in Figure 1. Hemoglobin levels, white blood
cell count, renal function, liver function, T-cell subset percent-
age, B-cell subset percentage, immunoglobulins, and comple-
ment 3 and 4 levels were within the normal range. Fluorescent
antinuclear antibody (FANA) was positive with a 1:40 titer, and
cytoplasmic anti-neutrophil cytoplasmic antibody (ANCA) was
also positive. The results of autoantibodies are summarized in

Table 1. Thigh and finger skin biopsies were performed, show-

FANA 1:40 1:40 1:80
Lupus anticoagulant NA Negative Negative
C-ANCA Positive NA NA
Anti-cardiolipin Ab NA Negative Negative
Anti-beta-2-glycoprotein Ab NA Negative Negative
Anti-Ro/La Ab NA Negative NA
Anti-RNP Ab NA Positive NA
Anti-Smith Ab NA Negative NA
Rheumatoid factor NA Negative NA

2015 2018 July 2021  Sep 2021

NA 1:40 1:80 NA 1:40

NA Negative Negative Positive NA

NA NA NA NA NA

NA NA Negative NA Negative

NA NA Negative NA Negative

NA NA NA Negative Negative
Positive NA Negative Negative Equivocal

NA NA Negative NA Negative

NA NA NA NA NA

FANA: fluorescent antinuclear antibody, C-ANCA: cytoplasmic anti-neutrophil cytoplasmic antibody, RNP: ribonucleoprotein, NA: not

available.
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ing erythema nodosum and pustular psoriasis, respectively. She
was initially treated with tuberculosis medication. Nonsteroidal
anti-inflammatory drugs were added because vasculitis was sus-
pected. There was no improvement in symptoms. The patient
was lost to follow-up at age 7 years.

At age 13 years, she immigrated to Australia and received
ongoing treatment. Physical examination revealed crackles in
both lung fields and chest computed tomography (CT) revealed
multiple air cysts and subpleural septal thickening in both lungs.
A kidney biopsy was performed to evaluate proteinuria, and the
pathological findings indicated class IT lupus nephritis.

Despite ongoing treatment, the patient’s skin lesions wors-
ened, with recurrent bacterial infections. When the patient
returned to our center at age 15 years, she presented with mul-
tiple ulcerative lesions on her earlobes, tongue, vaginal area, and
lower extremities. Nasal septal perforation occurred at 19 years
of age, and gangrene of the feet occurred at 21 years of age. Her
cutaneous features worsened, leading to partial amputation of
the toes (Figure 2).

The patient had dyspnea since age 17 years owing to lung
lesions. A pulmonary function test performed at age 18 years

showed decreased lung function with a restrictive pattern, and

chest CT showed worsening of interstitial lung disease (Figure

2). Despite treatment with multiple immunosuppressants, in-
cluding prednisolone, methotrexate, mycophenolate mofetil,
azathioprine, cyclophosphamide, tocilizumab, cyclosporine A,
rituximab, and leflunomide, her symptoms and elevated inflam-
matory markers did not improve. She was repeatedly hospital-
ized after age 24 years for worsening dyspnea and prescribed
a home oxygen generator at age 25 years. The timeline of the
patient’s clinical course, tests, and treatments is summarized in
Figure 3.

Given the evidence of early onset interstitial lung disease and
vasculitic skin lesions, autoinflammatory diseases, particu-
larly SAVI, were strongly suspected. Whole exome sequencing
(WES) was performed at age 29 years, and a heterozygous vari-
ant of STINGI (c.439G>A, p.Vall47Met) was identified. How-
ever, the result was initially classified as a variant of uncertain
significance based on the ACMG/AMP (American College of
Medical Genetics and Genomic/Association for Molecular Pa-
thology) criteria [9]. Subsequent reports of STING! variants as-
sociated with SAVT led to a reinterpretation of her WES results
as likely pathogenic. Genetic testing of the parents showed that
the mutation was de novo.

After confirmation of SAVI, she was administered tofacitinib,

a JAK inhibitor, to halt disease progression. However, her lung

Figure 2. The phenotypes associated with stimulator of interferon gene-associated vasculopathy with onset in infancy (SAVI). (A) Joint
contracture of finger, (B) hand both x-ray, (C) partial amputation of toes, (D) ulcerative lesions of calf, (E,F) chest radiograph and computed
tomographic scan taken at 15 years of age, and (G,H) chest radiograph and computed tomographic scan taken at 30 years of age.
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Clinical course Evaluation Management
Skin rash started at 2 months of age T,
Cough started at 7 months of age --- 1992 ---- Chest X-ray: perihilar infiltrates 4 Antibiotics
I
|
I
! Initial visit 1996 Tuberculosis
Skinlesion | '©SNUCH 1997 ___ FANApositive 1:80 medication
aggravated | Skin biopsy: erythema nodosum 4 NSAIDs
I
I
Recurrent skin |
infection | Follow up loss -~~~ 1999 ---- Skin biopsy: pustular psoriasis
1
I
Ulcerations of |
lower extremity, |
vaginal, earlobe |
and tongue |
1
i Immigrated -~ 2005 Steroid Figure 3. Clinical timeline of the
I to Australia | Chest CT: multiple air cysts and . L
| proteinuria R 2007 --- subpleural septal thickening patient. Sympto_ms, Cllmcal_ events,
v Kidney biopsy: lupus nephritis MTX, HCQ results of evaluations, fluctuation of C3
Revisit to SNUCH -~ - 2009 (insufficient data) and anti-dsDNA levels, and treatments
are listed. SNUCH: Seoul National
Dyspnea on exertion — - 2011 - PFT:PVC 50%, FEV1 51% (O LA University Children’s Hospital, FANA:
fluorescent antinuclear antibody,
Nasal septal perforation - ----- 2013 4 m_IF_’)Ez %Lgf}e NSAIDs: non-steroidal anti-inflammatory
’ drugs, CT: computed tomography,
PFT: pulmonary function test, PVC:
Gangrene of feet - ------ 2016 CPM passive vital capacity, FEV1: forced
i 2017 Chest CT: ILD aggravation expiratory volume in one second, ILD:
Admission due to dyspnea -~ ------ T ——--~ N i . .
y oy P | 2018 PFT:FVC 46%, FEV1 48% interstitial lung disease, FVC: forced
ome Dz 8Pl ~m e TCZ CsA vital capacity, WES: whole exome
, CsA,
| 4 RTX, AZT sequencing, C3: complement 3, anti-
I .
Recurrent admission ! 2021 4 CPM. LEM dsDNA: anti-double-stranded DNA, MTX:
due to dyspnea | 2022 MTX Methotrexate, HCQ: hydroxychloroquine,
vl —---- WES: TMEM173 variant MMF: Mycophenolate mofetil, AZT:
— azathioprine, CPM: cyclophosphamide,
oracitin . .
,,1 TCZ: tocilizumab, CsA: cyclosporine A,

condition did not improve. The patient had significant activity
limitations due to dyspnea, even when walking less than 100
meters, ultimately requiring a lung.

The study was approved by the Institutional Review Board
of the Seoul National University Hospital (IRB no. 2306-038-

1437). The requirement to obtain informed consent was waived.

DISCUSSION

SAVTI is a newly described autoinflammatory disease caused
by gain-of-function mutations of STING! that results in sus-
tained activation of type I interferon signaling [10]. SAVI was
initially described based on the clinical features of cutaneous
vasculitis and interstitial lung disease. We suggest that certain

characteristic of SAVI can be distinguished.

RTX: rituximab, LFM: leflunomide.

Cutaneous manifestations began at an extremely young age,
and the presence of ulcerative lesions on the earlobe, nasal sep-
tal perforation, and self-amputation due to recurrent ulcerative
lesions were particularly alarming. The results of histological
analyses of skin biopsy were poorly informative in our case,
suggesting nonspecific dermal inflammation in the absence of
vasculitis, perhaps owing to the small size of the biopsy speci-
mens obtained. The patient also had recurrent upper respiratory
symptoms since early childhood, which were so severe and re-
fractory to treatment that tuberculosis was suspected. Infiltrates
were also repeatedly observed on radiographs. In retrospect,
these findings were signs of interstitial lung disease that began
early in life. Interstitial lung disease in infancy is extremely rare
and can be a differentiating factor in the diagnosis of SAVI.

Prior the recent discovery of STINGI gene mutation in SAVI,
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it was previously classified as a monogenic lupus. Therefore,
the patients previous diagnosis of SLE was not entirely incor-
rect. The positive findings for antibodies associated with SLE
supported the diagnosis, and the clinical manifestations were
considered manifestations of SLE. However, SAVT has clini-
cal manifestations that are atypical of SLE. SLE is a prototypic
autoimmune disease in the pediatric population, particularly in
teenage girls; onset before age 5 years is extremely rare. Cases
with such early onset are recognized as atypical symptoms and
exhibiting a poor response to treatment, resulting in an unfavor-
able prognosis [11]. Furthermore, a comprehensive evaluation
of conditions manifesting with symptoms akin to SLE and com-
mencing before age 5 years is imperative, with a specific focus
on monogenic lupus and autoinflammatory syndrome [12].
Considering our patient’s case from this perspective, the exis-
tence of inflammatory lung and skin lesions before 12 months
of age, in conjunction with the presence of autoantibodies, led
to the consideration of an autoinflammatory syndrome. The
likelihood of SAVI was considered high. However the initial
WES was considered a variant of uncertain significance. This
highlights the importance of a clear understanding of the clini-
cal features for accurate diagnosis.

Our patient is the third reported case of genetically diagnosed
SAVTI in Korea. The first patient was a 9-year-old boy with sys-
temic hyper-inflammatory symptoms, including skin lesions,
cerebral infarction, and pulmonary dysfunction, who developed
sudden left leg weakness and headache at age 5 years [2]. Brain
magnetic resonance imaging showed an acute infarction and
magnetic resonance angiography showed diffuse advanced
luminal irregularities throughout the cerebral arteries. The sec-
ond case was a 17-year-old girl who had undergone lung trans-
plantation for chronic respiratory failure [3]. She experienced
a recurrence of pulmonary hemosiderosis 2 months after lung
transplantation. FANA was positive, but other autoantibodies,
including anti-dsDNA and ANCA, were negative. All three
patients had skin lesions and recurrence of the underlying lung
disease started before the age of 1 year, which is inconsistent
with autoimmune diseases. However, in the present case, the
central nervous system was not involved.

JAK inhibitors can reduce inflammation in SAVI but do not
improve irreversible changes in the lungs. Recognizing that
SAVI can manifest with early lung involvement is critical for
regular follow-up and proactive treatment, as it can significantly

affect patients’ quality of life.
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SUMMARY

We described a case that was initially presumed to be SLE but
was subsequently diagnosed as SAVI. These findings emphasize
the importance of considering SAVT as a potential diagnosis
when interstitial lung disease manifestations present during in-
fancy. Severe recurrent cutaneous ulcers are another significant
diagnostic clue. Early proactive treatment is crucial for lung in-
volvement, as this can have long-term effects on patients’ prog-

nosis.
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