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Abstract

Vacuoles, E1 enzyme, X-linked, autoinflammatory, somatic (VEXAS) syndrome is an emerging adult-
onset systemic autoinflammatory disorder affecting multiple organ systems. While lung involvement
is common in this syndrome, literature regarding specific patterns is sparse. In this report, we present
a case description of a patient with VEXAS syndrome who presented at the emergency department on
two separate occasions with acute interstitial pneumonia (AIP) and diffuse alveolar hemorrhage (DAH).
A literature review with a comparison of our observed findings to the general findings. of VEXAS
syndrome, AIP, and DAH is provided. This report underscores the rarity of specific pulmonary
manifestations associated with VEXAS syndrome, contributing valuable insight to the limited literature

available on this topic.
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Introduction

Vacuoles, E1 enzyme, X-linked, autoinflammatory, somatic (VEXAS) syndrome is a recently described
adult-onset systemic autoinflammatory disorder caused by an acquired monogenic somatic mutation
in the Ubiquitin Like Modifier Activating Enzyme 1 (UBA1) gene, which leads to reduced ubiquitination
of misfolded cytoplasmic proteins and consequently to activation of autoinflammatory pathways?.
Besides commonly observed constitutional symptoms like noninfectious fever, fatigue, weight loss,
and myalgia accompanied by elevated acute-phase reactants and progressive cytopenia. a wide
spectrum of autoinflammatory presentations affecting multiple organ systems have been reported?.
Usually, aninterdisciplinary approach is necessary for the diagnosis and therapy of such patients. While
lung involvement is common, the literature regarding specific patterns is limited?.

This case report outlines two pulmonary manifestations of this syndrome: acute interstitial pneumonia
(AIP) and diffuse alveolar hemorrhage (DAH). The discussion includes a literature review and a

comparison of our observed findings to the general characteristics of VEXAS syndrome, AIP, and DAH.
Case description

A 76-year-old male patient with VEXAS syndrome presented at the emergency department with newly
developed dyspnea. The patient's initial manifestations of VEXAS syndrome had started 3 years before
with fever of unknown origin, scrotal edema, unilateral parotitis, erythematous skin indurations,
idiopathic orbital inflammatory disease, and macrocytic anemia (hemoglobin 9.8 g/dl, mean
corpuscular volume 104 fl). A skin biopsy revealed leukocytoclastic vasculitis (LCV). Standard
laboratory screening for connective tissue diseases, including antineutrophilic cytoplasmic antibodies,
anticardiolipin antibodies and anti-beta-2-glycoprotein-I antibodies, was negative on several
occasions. Due to inadequate response to antibiotic and corticosteroid therapy, a bone marrow biopsy
was performed that showed hypercellularity, mild dysplasia, and a clonal cytopenia with a Ten-Eleven-
Translocation oncogene family member 2 (TET2) mutation of unknown significance. At that time, the
diagnosis of LCV associated with myelodysplastic syndrome had been made. Past medical history also
involved 3 episodes of pneumonia (Figure 1), which had been classified as infectious and successfully
treated with antibiotic therapy. The diagnosis of VEXAS syndrome was eventually established after
histologic reevaluation of the bone marrow biopsy showing cytoplasmic vacuoles in myeloid and
erythroid precursor cells as well as the detection of a pathognomonic UBA1 p.M41T mutation.

The present emergency visit was characterized by severe dyspnea with a reduced oxygen saturation

(SatO,) of 74% and mild tachycardia (124/min). The arterial blood gas analysis showed a respiratory
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failure type 1 with reduced partial pressure of oxygen (PaO,, 67.5 mmHg) and carbon dioxide (PaCO,,
29.8 mmHg). Besides a leukocytosis (30.2 x 10°/L), elevated C-reactive protein (CRP, 92 mg/L), slightly
elevated procalcitonin (0.60 ng/mL), and reduced hemoglobin (Hb, 8.8 g/dl), an elevated D-Dimer level
was found (2.1 mg/L). Thus, a CT scan for the exclusion of pulmonary embolism (PE) was performed
(Figure 2). The CT showed distinctive bilateral symmetrically distributed ground glass opacities (GGO),
predominantly in the mid and lower lobes with few areas of patchy consolidations in the peripheral
and lower lung segments. Prominent interlobular septal thickening was bilaterally present with
delicate intralobular septal thickening. Sharply demarcated areas of spared individual lobules with an
overall geographic appearance were also noted. Signs of lung fibrosis were not evident. Mediastinal
and right hilar lymphadenopathy was present, with a short axis length of to 1,4 cm. No PE, pleural
effusions, aortic wall thickening, aortic dilatation, or abnormalities in the tracheobronchial structures
were detected. Subsequently, after ICU admission a plain chest radiograph was taken (Figure 3, a-b).
The patient showed good improvement under therapy with dexamethasone (20mg QD with
subsequent tapering), an empiric antibiotic (piperacillin/tazobactam 4.5g QID), and the Janus kinase
(JAK) inhibitor ruxolitinib (5mg, BID). Blood cultures, sputum, and serology were negative for infectious
agents. Therefore, a diagnosis of an AIP was made. Due to the good response, a lung biopsy or
bronchoscopy was not initiated. The patient was successfully discharged after 5 days.

One month later the patient presented again in our emergency department due to profound
hemoptysis with respiratory failure type 1 (PaO, 48.3, PaCO, 34.5 mmHg), leucopenia (3.3 x 10°/L),
worsening anemia (Hb 7.3 g/dl), elevated procalcitonin (0.65 ng/mL) and a CRP level of 316 mg/L.
Another CT scan was performed (Figure 4) and bilateral centrilobular consolidations with a perilesional
GGO halo around the centrilobular components in a random and asymmetrical distribution were
found. Changes were more dominant in the mid and lower lung parts, with sparing of the apical
segments and patchy confluent areas of consolidations in the basal lung segments. Interlobular septal
thickening with a small pleural effusion on the right side was also noted. The lymphadenopathy
remained unchanged. A PE was not confirmed. A plain chest radiograph was subsequently performed
(Figure 3, c-d). In summary, these findings were suggestive of DAH. A lung biopsy or bronchoscopy was
not performed. The previous corticosteroid therapy was adopted and an empiric antibiotic therapy
(piperacillin/tazobactam 4.5g QID and azithromycin 500mg QD) was re-initiated. The patient showed
prompt clinical improvement and was discharged after 4 days at his wish with regularly scheduled
outpatient follow-ups. Currently, the patient is doing well on ruxolitinib (5 mg BID) and low-dose

prednisone (2.5 mg QID) without any respiratory restraints.
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Discussion

VEXAS syndrome most commonly presents in males above the age of 50 as a progressive
autoinflammatory condition affecting several organs with a wide spectrum of clinical findings*. Skin
involvement occurs in up to 90% of patients with a variety of manifestations including LCV, Sweet
syndrome—like skin lesions, or septal panniculitis* °. Lung involvement is the second most common
manifestation, occurring in 50-72% of patients’3. Unspecific hematologic abnormalities like anemia,
thrombocytopenia, or leucopenia are present in almost all cases, while other abnormalities like
myelodysplasia (50%), monoclonal gammopathy of undetermined significance (13%) or multiple
myeloma (case report) are less frequently observed®. Chondritis and tendinitis are two additional
manifestations that are strongly associated with VEXAS syndrome*.

Lung involvement is often severe leading to significant morbidity and mortality. GGO (87%) and
consolidations (49%) are the most commonly reported parenchymal changes on CT scans®’, which are
often characterized as non-specific interstitial pneumonia,” organizing pneumonia, or bilateral
unspecific lung infiltrates®. In the present case, severe pulmonary involvement occurred 3 years after
the initial onset of the syndrome with a rapidly progressive respiratory failure and distinctive bilateral
GGO. The diagnosis of an AIP at the first reported emergency visit was reasonable. AIP has a similar
presentation as an acute respiratory syndrome (ARDS) and histologically correlates with diffuse
alveolar damage presenting as rapid onset dyspnea®. The early exudative phase of AIP shows bilateral
GGO with consolidations on the Gravity-dependent areas and an overall geographic appearance®,
which was also seen in our patient. In the more advanced organizing phase, AIP shows signs of lung
fibrosis with distortions of the normal lung architecture, traction bronchiectasis, and more dominant
consolidation than GGO?* 1, Infectious pneumonia is an important differential diagnosis of AIP!!, but
was rather unlikely in our case since no pathogen was isolated and serologic testing for infectious
causes was negative.

DAH is a potentially life-threatening condition presenting with hemoptysis, anemia, lung infiltrates,
and respiratory failure. DAH is most commonly caused by an underlying capillaritis in association with
systemic vasculitis such as anti-neutrophil cytoplasmic antibody (ANCA)-associated vasculitis,
Goodpasture’s Syndrome, systemic lupus erythematosus and other connective tissue diseases. In such
patients, chest CT often reveals bilateral centrilobular consolidations with perilesional GGO, septal
interlobular thickening, lower lung predominance, and sparing of the apical segments. Crazy-paving or
hilar lymphadenopathy may eventually develop in later stages!?. A similar pattern was seen in our
patient during the second admission. An underlying capillaritis as a cause for the DAH is possible in our

case since VEXAS syndrome is frequently associated with vasculitis, most commonly LCV (31%) with
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case reports involving ANCA-associated types!®. Some autoinflammatory diseases are associated with
bleeding diathesis!*, although we could not identify any reports in the literature regarding an
association with VEXAS syndrome. Drug-induced DAH is in our case not plausible since the patient was
not on any anticoagulation therapy and platelet counts were within normal ranges, making a role of
ruxolitinib for increased bleeding risk unlikely®>. Lymphadenopathy is an unspecific finding on both
presented chest scans and has been reported in up to 58% of patients with VEXAS syndrome?.
Glucocorticoids and JAK inhibitors are commonly used in patients with VEXAS syndrome® # and the
observed clinical response in our case is primarily attributed to this therapy. Antibiotics were initiated
empirically until an infectious cause could be excluded. Ground glass pulmonary infiltrates were
present on both chest CT scans, which are strongly associated with VEXAS syndrome®*. Table |
summarizes our observations of AIP and DAH in VEXAS syndrome, along with the reported incidence
of individual findings in the literature. These entities are not exclusively specific to VEXAS syndrome;
however, the table serves as a concise reference for the key findings associated with VEXAS syndrome,
AIP, and DAH. Our observation of AIP and DAH is similar to those observed in patients without known
VEXAS syndrome. A comparison of a larger sample is needed, given the general lack of publications
regarding detailed assessments of acute pulmonary manifestations of this syndrome. An illustrative
representation of CT key findings and lung involvement distribution is depicted in Figure 5. The role of
CT in the surveillance of patients with VEXAS syndrome is not established since the risk of developing
consecutive pulmonary fibrosis is still unknown?.

This report highlights two rare pulmonary manifestations of VEXAS syndrome and contributes to the
limited literature on specific pulmonary manifestations. Identifying similar cases could enhance

syndrome comprehension, potentially prompting routine chest CT screening implementation.
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Tables and Figures

HRCT pattern

Ground glass opacities
Consolidation

Septal thickening
Macronodules (> 3 mm)
Micronodules (< 3 mm)
Pleural effusion
Pericardial effusion
Bronchiectasis
Tracheal chondritis
Lymphadenopathy
Pulmonary embolism
Distribution

Costophrenic angles

Acute interstitial
pneumonia
Bilateral, symmetric
Few patchy areas
Inter- and intralobular
Not present
Not present
Not present
Not present
Not present
Not present
Mediastinal and right hilar
Not present
Mid and lower lobes

Spared

Diffuse alveolar haemorrhage

Bilateral, perilesional, asymmetric

Asymmetric, centrilobular
interlobular
Centrilobular
Not present
Small right sided
Not present
Not present
Not present
Mediastinal and right hilar
Not present
Lower lobes

Involved

Reported incidence in
VEXAS syndrome
47-87% 73
49%7
51% "

47% 7
38% 7
9-53% 734
15% 7
8-29% T4
45% 16
29-58% 73
36% '

Not reported 73 % 16

Not reported 73 # 16
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Reported incidence in
AIP
T 96-100% 1017
43-979%, 10,17
53849 10,17
<1% "
5% 17
22.319% 18.19
Not present 10,17, 18, 19
70-95% 1°
Not present 1% 171819
8%, 18
Not present 0171819

Lower lobes 7

Spared ?°

Reported incidence in

DAH
92-100% 17:21.22
31-80% !7-21,22
30-38% 21.23
50-64% 2.2
20% 23
14-23% 17,22
50% 2!
13% 2!

Not present '7-21:22.23
May be present ’
May be present !

Lower lobes 2!

variable 12, 17,21,22,23

Table I. Summation of the HRCT findings in AIP and DAH of the presented VEXAS syndrome with reported incidence in the literature of each individual CT pattern for VEXAS
syndrome, AIP, and DAH. HRCT = High resolution computed tomography, AIP = acute interstitial pneumonia, DAH = diffuse alveolar hemorrhage, VEXAS = Vacuoles, E1 enzyme,
X-linked, autoinflammatory, somatic.
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Figure 1. The patient's past medical history reveals three episodes of pneumonia before the described
emergency visits. In one episode, a middle lobe infiltrate was revealed on a p.a. (a) and lateral plain chest
radiograph (b) (between arrowheads). For comparison, a plain chest radiograph in p.a. (c) and lateral
projections/(d) taken before the diagnosis of VEXAS syndrome. p.a. = posteroanterior, VEXAS = Vacuoles, E1
enzyme, X-linked, autoinflammatory, somatic.
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Figure 2. Contrast-enhanced chest xial ‘and coronal lung window reconstructions with 1.25 mm slice
thickness. (a) Bilateral GGO a ing the central and subpleural lung segments. (b) Patchy consolidations in the
lingual segment (blue arrowhea (c eographic appearance is noted, with sparing of individual lung lobules
(yellow arrowheads). Int r septal thickening is present bilateral (red arrowheads) with also intralobular
septal thickening (green a ads). Patchy consolidations are also noted in the right anterobasal lower lobe
d) Coronal reconstruction shows symmetrically distributed GGO with marked
thickening of the i obular septa (red arrowheads) and sparing of individual lobules (yellow arrowheads). CT

= computed tomog , GGO = Ground glass opacities.

segment (blue ar d).
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(a) Symmetrically distributed GGO and airspace consolidations in the mid and lower lung segments with sparing
of the tophrenic angles (arrows). (b) An enlarged view of the same radiograph (a), showing airspace
consolidations and GGO. Note the sparing of the costophrenic angle (arrow). (c) Bilateral airspace consolidations
dco GGO on the lower lung parts without sparing of the costophrenic angles. (d) An enlarged view of
radiograph (c). a.p. = anteroposterior, AIP = acute interstitial pneumonia, DAH = diffuse alveolar

emorrhage, ICU = intensive care unit, GGO = ground glass opacities.
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Figure 4. Contrast-enhanced chest CT in axial lung window reconstructions with 1.25 mm slice thickness. (a)
Bilateral asymmetric centrilobular consolidations and GGO in a random distribution (red arrowheads) with a
small pleural effusion (white arrowhead). (b) Centrilobular consolidation with a perilesional halo (red
arrowheads). (c) Interlobular septal thickening (yellow arrowhead) with centrilobular consolidations (red
arrowhead) in the right lower lobe. (d) Patchy confluent consolidations in the dorsobasal left lower lobe (green
arrowhead). CT = computed tomography, GGO = ground glass opacities.
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Figure 5. Schematic illustration of selected key findings of AIP (a, c) and DAH (b, d). a GGO (dotted arrow) with
sparing of individual lobules (arrow) creating a geographic appearance in AIP. b Centrilobular consolidation
with perilesional GGO (arrowheads) in DAH. c Distribution of AIP affecting the middle and lower lung parts with
sparing of costophrenic angles. d Distribution of DAH with a more dominant affection of lower lung parts and
sparing of the more apical segments. A sparing of the costophrenic angles was not observed. AIP = acute
interstitial pneumonia, DAH = diffuse alveolar hemorrhage, GGO = ground glass opacities.
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