Received: 3 May 2018 | Revised: 26 September 2018

Accepted: 31 October 2018

DOI: 10.1111/all.13753

ORIGINAL ARTICLE

Immunodeficiencies

WILEY Allergy

Lung disease in STAT3 hyper-IgE syndrome requires intense

therapy

Carolin Kréner'?

| Jens Neumann® | Julia Ley-Zaporozhan® | Beate Hag

|1,5 |

Iris Meixner! | Benedikt D. Spielberger® | Gregor Diickers® | Bernd H. Belohradsky! |

Tim Niehues® | Michael Borte’ | Joseph Rosenecker! | Matthias Kappler! |

Susanne Nihrig® | Simone Reu® | Matthias Griese? | Ellen D. Renner

1Department of Pediatrics, Dr. von Hauner
Children's Hospital, Ludwig Maximilian
University, Munich, Germany

2German Center for Lung research (DZL),
Munich, Germany

SInstitute of Pathology, Faculty of
Medicine, Ludwig Maximilian University,
Munich, Germany

“Department of Radiology, Ludwig
Maximilian University, Munich, Germany

SEnvironmental Medicine, UNIKA-T,
Technical University of Munich and

HelmholtzZentrum Munich, Munich/
Augsburg, Germany

SHELIOS Children's Hospital, Krefeld,
Germany

’Children's Hospital, St. Georg Klinikum,
Leipzig, Germany

8Medizinische Klinik und Poliklinik, Ludwig
Maximilian University, Munich, Germany

“Hochgebirgsklinik and Christine Kiihne-
Center for Allergy Research and Education
(CK-Care), Davos, Switzerland

Correspondence

Ellen Renner, Environmental Medicine,
UNIKA-T, Technical University of Munich
and Helmholtz Zentrum Miinchen, Munich,
Germany.

Email: Ellen.Renner@tum.de

Funding information

This work was supported by grants of the
Wilhelm-Sander Foundation (2013.015.2),
the German Research Foundation (DFG
RE2799/6-1), the Fritz-Bender Foundation

(to EDR) and DFG-970/8-1, chILD-EU (FP7,

No. 305653) and the German Center for
Lung Research (DZL) (to MG).

1,5,9

Abstract

Background: Pulmonary complications are responsible for high morbidity and mor-
tality rates in patients with the rare immunodeficiency disorder STAT3 hyper-IgE
syndrome (STAT3-HIES). The aim of this study was to expand knowledge about lung
disease in STAT3-HIES.

Methods: The course of pulmonary disease, radiological and histopathological inter-
relations, therapeutic management, and the outcome of 14 STAT3-HIES patients
were assessed.

Results: The patients’ quality of life was compromised most by pulmonary disease.
All 14 patients showed first signs of lung disease at a median onset of 1.5 years of
age. Lung function revealed a mixed obstructive-restrictive impairment with reduced
FEV1 and FVC in 75% of the patients. The severity of lung function impairment
was associated with Aspergillus fumigatus infection and prior lung surgery. Severe
lung tissue damage, with reduced numbers of ATP-binding cassette sub-family A
member 3 (ABCA3) positive type Il pneumocytes, was observed in the histological
assessment of two deceased patients. Imaging studies of all patients above 6 years
of age showed severe airway and parenchyma destruction. Lung surgeries frequently
led to complications, including fistula formation. Long-term antifungal and antibacte-
rial treatment proved to be beneficial, as were inhalation therapy, chest physiother-
apy, and exercise. Regular immunoglobulin replacement therapy tended to stabilize
lung function.

Conclusions: Due to its severity, pulmonary disease in STAT3-HIES patients

requires strict monitoring and intensive therapy.
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Pulmonary complications in STAT3-HIES patients account for significant morbidity and mortality; patients are endangered by severe postinfec-

tious pulmonary tissue damage including extensive pneumatocele or cyst formation. Strict monitoring and intensive acute and long-term ther-

apy is required including antimicrobial treatment, immunoglobulin replacement therapy (IGRT), inhalation therapy, and chest physiotherapy.

Regular IGRT stabilized lung function. Preliminary data hint towards a healing defect associated with reduced ABCAS3 expression in type 2

pneumocytes due to STAT3 malfunctioning.

1 | INTRODUCTION

Pulmonary complications are responsible for high morbidity and mor-
tality rates in patients with STAT3 hyper-IgE syndrome (STAT3-
HIES),*™* a primary immunodeficiency disorder characterized by
eczema, recurrent bacterial and fungal infections of the skin and
lungs, eosinophilia, and elevated serum IgE levels. STAT3-HIES is
caused by heterozygous dominant-negative mutations in the signal
transducer and activator of transcription 3 (STAT3) gene.>® Associated
symptoms include a characteristic facial appearance, retained primary
teeth,
fractures.

joint hyperextensibility, scoliosis, and minimal trauma

Recurrent pneumonia, frequently caused by Staphylococcus aur-
eus (S aureus), Streptococcus pneumonia (S pneumonia), and Hae-
mophilus influenzae (H influenzae), destroys pulmonary tissue and
leads to the formation of abscesses, empyemas, or pneumatoceles
and to chronic suppurative lung disease with consecutive bronchiec-

tasis.> Lung tissue destruction is likely caused by impaired tissue

repair mechanisms, since mouse models with selective respiratory
epithelial STAT3 deficiency show STAT3-dependent repair of bron-
chiolar and alveolar epithelium.? STAT3 is known to regulate the
expression of surfactant protein B° and to maintain surfactant
homeostasis during lung injury* through an interleukin 6 (IL-6)-regu-
lated expression of ATP-binding cassette subfamily A member 3
(ABCA3) in type Il pneumocytes.’? ABCA3 belongs to the ABC
transporter family!® and is predominantly expressed in the lamellar
bodies of type Il pneumocytes, where it is critical for surfactant syn-
thesis and processing.2**®> The exact interaction of STAT3 and
ABCA3 remains, however, unclear. Therapeutic options in STAT3-
HIES, such as hematopoetic stem cell transplant (HSCT), are of
uncertain benefit.*® In particular, pulmonary complications such as
pneumatoceles and bronchiectasis have been shown to persist after
HSCT, though the frequency of pulmonary infections may be
reduced.’” Lung transplantation has been reported for a single
patient, who died due to pulmonary posttransplant Aspergillus fumi-
gatus (A fumigatus) infection and transplant vasculopathy.
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For the management of more frequent lung diseases, such as
cystic fibrosis (CF) or non-CF bronchiectasis, marked by repeated

infections and chronic inflammation,*8-2°

regularly updated therapy
guidelines have significantly improved patients’ outcome and quality
of life.*82° Despite the severity of lung disease in STAT3-HIES, few
studies exist on its follow-up and therapeutic management.2

The aim of this study was to assess clinical details of STAT3-
HIES lung disease, the potential role of ABCA3 in disease pathogen-

esis, and the effectiveness of pulmonary treatment.

2 | MATERIALS AND METHODS

Fourteen STAT3-HIES patients (8 male, 6 female; median 22.4 years
of age; range 6-50) carrying a heterozygous STAT3 mutation and
followed at or together with the Children's Hospital of the
Ludwig-Maximilians University (LMU) were included. All patients
except patient #8 were reported previously.>?1?? The median NIH
score, defining HIES above 40 points, 2 was 62 points (range 37-86)
(Table 1).

The LMU review board (#381-13) approved the study; all patients
and/or their legal guardians provided written informed consent.

Clinical records of each patient were reviewed. Patients and their
guardians completed a questionnaire with respect to pulmonary
symptoms, interventions, and the effect of treatment (no improve-
ment or improvement of cough, sputum, dyspnoea, upper respiratory
infections, pneumonias or other). All patients rated the negative
impact of HIES symptoms on a scale from 1 to 10 (1:"not severe”,
10:"very severe”). Chest X-rays (CXRs) (48 for 11 patients) and CTs
(28 for 10 patients) were evaluated in each lung section (upper, mid-
dle, lower lobe, lingula) for the presence of alterations: pleura (pleu-
ral thickening or effusion), mediastinum (heart, hilar, or mediastinal
lymph node enlargement), lung parenchyma (mosaic attenuation; dif-
fuse or patchy ground-glass opacity; consolidation; linear, reticular,
or nodular opacity; honeycombing; cyst; cavity; hyper-inflated sec-
ondary lobule; emphysema; air-trapping; septal thickening), and air-
ways (bronchiectasis; traction bronchiectasis/architectural distortion;
bronchial wall thickening; tree-in-bud). Lung function tests were per-
formed on 12 patients; a median of 8 investigations per patient was
available. Median FEV1 and FVC were calculated per year with
respect to the start of immunoglobulin replacement therapy (IGRT)
and compared to age-related published values.?*?°

Formalin-fixed and paraffin-embedded lung samples from two
deceased STAT3-HIES patients were analyzed and compared to eight
non-neoplastic and not STAT3-HIES affected lung tissues without
pathological alterations, randomly selected by the Institute of Pathol-
ogy, LMU Munich. Immunohistochemistry was performed with pri-
mary antibody against ABCA3 protein (Seven Hills Bioreagents,
Cincinnati, United States) as previously described.?® The numbers of
ABCA3-positive and total type Il pneumocytes were quantified in
ten randomly selected alveoli with and without signs of inflamma-
tion. The mean values were compared using GraphPad Prism 5.0
(GraphPad Software Inc., San Diego, CA, USA).

3 | RESULTS

3.1 | Respiratory symptoms

Families graded the pulmonary symptoms as severe (median score: 9
points, range 1-10) in comparison to other HIES symptoms, while
the negative impact of overall HIES symptoms was graded as less
severe (7 points, range 2-10). Eight of 13 patients reported that lung
symptoms were the worst, alone or in combination with skin prob-
lems (n = 5), ear (n = 3) and bone (n = 3) problems and the psycho-
logical burden (n = 2).

Pulmonary symptoms were present in all 14 patients with a med-
ian onset of 1.5 years of age (Table 1). All patients had recurrent otitis
media with a median number of episodes of 8 times/year (range 3-
8 times/year) and starting at a median of 11 months of age (range
2 weeks-6 years). Thirteen patients had a history of at least one epi-
sode of pneumonia, chronic pulmonary symptoms, or radiological signs
of progressive lung disease. Patient #3 had no history of pneumonia
but suffered from chronic cough. Pneumonia frequency ranged from
none to 3 per year per patient. Nine patients needed frequent hospi-
talization for respiratory exacerbations, and 7 patients required oxy-
gen supplementation. Hemoptysis occurred in 9 patients, in 6
repeatedly. Allergic asthma, triggered by aeroallergens, such as pollen,
dust mites, or animal hair, was diagnosed in 3 patients (#9, #10, #12).
One patient (#10) used nebulized corticosteroids and salbutamol daily,

and two patients salbutamol on demand.

3.2 | Lung function

Lung functions showed a mixed obstructive-restrictive impairment in
75% of patients with an overall median FEV1 of 52.1% predicted
(range 30.9-106.9) and an overall median FVC of 64.5% predicted
(range 35.1-101.8) (Table 1). Lung function impairment was associ-
ated with prior lung surgery and A fumigatus infection. Normal or
slightly impaired FEV1 and FVC values above 80% predicted (median
FEV1 89.1% predicted, range 81-106.9; median FVC 90.8% pre-
dicted, range 82.6-101.8) were observed in 4 patients (#1, #4, #6,
#14), who were A fumigatus-negative yet patient #1 and #4 were P.
aeruginosa-positive. All 4 patients had no prior lung surgery; patient
#6 had once an abscess drainage.

All 8 A fumigatus-positive patients, of whom 6 were also P aerug-
inosa-positive, had severely impaired FEV1 and FVC with median val-
ues below 80% predicted (median FEV1 48.7% predicted, range
30.9-56.0; median FVC 55% predicted, range 35.1-69.9; FVC not
available in one patient). Seven of these 8 A fumigatus-positive
patients had a history of lung tissue loss from surgery; patient #13
had only a history of lung abscess drainage, but she had a severe
scoliosis, explaining her lower FEV1 and FVC levels. Eight patients
had bronchodilator response tests with salbutamol; median delta
FEV1 was in all patients below 15% and thus below bronchial
asthma threshold.

Median annual FEV1 and FVC values in the first 3 years prior to
IGRT and in the first 8 years after the start of IGRT are shown in
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Figure 1. Within the first 5 years after starting IGRT, median FEV1
increased in 5 of 6 patients under IGRT and remained stable in

patient #8, while FVC increased in 4 patients and remained stable in
patients #8 and #13. In patient #7, FEV1 and FVC improved continu-
ously within 5 years after starting IGRT, while an acute pulmonary
exacerbation led to the current lung function impairment. Two
patients (#11, #12) not receiving IGRT had a FEV1 decrease of 21%
predicted (#11) and 20% predicted (#12) and a FVC decrease of
27.6% predicted (#11) and 9% predicted (#12) in comparable time

frames of 7 and 3.6 years.

3.3 | Radiological imaging assessment

CXR and CT assessment revealed severe lung parenchyma and air-
way destruction in all, except 3 patients (#1, #2, #3) below 6 years
of age. Frequent parenchymal and airway alterations are presented
in Table 2, Figure 2. Cystic parenchymal abnormalities included cysts,
pneumatoceles, and cavities; they arose during infection and often
persisted. Extensive emphysema formation was observed in 3 older
patients (#12, #11, #14), all smokers (Figure 2). Severe scoliosis and
rib fractures were documented in 6 patients each.

3.4 | Microbiology assessment

The respiratory tract flora, analyzed by throat swab or sputum, was
repeatedly positive for S aureus, H influenzae, S pneumonia, and Can-
dida species in most patients. Less frequently observed were Serratia
liquefaciens, Moraxella catharralis, Klebsiella oxytoca, Chlamydia species,
Acinetobacter baumanii, and Burkholderia cepacia. Possible oral or
environmental contaminants included Penicillium species, Neisseria
sicca, and Candida species. P aeruginosa was identified in the respira-

tory specimen of more than half (57%) of the patients at least once;

(A) Start IGRT (B)
100-
g 8
g 75+ £
< o
o >
W 504 i
IS 3
8 254 5]
o =
0 T T !
-5 0 5 10

Years before/after start IGRT

1004

median at first detection was 12.2 years of age (range 4-25)
(Table 1). Three patients (#4, #7, #9) were P aeruginosa-positive for
more than 1 year. Eradication therapy was unsuccessful in one
patient (#4) and intermittently successful in 2 patients (#7, #9).
P aeruginosa status showed no correlation with lung function or radi-
ological alterations.

Methicillin-resistant S aureus (MRSA) was identified in respiratory
specimen of 3 patients (#1, #10, #13) and was successfully eradi-
cated, defined by lack of detection 2 years after eradication therapy.
ESBL-producing Escherichia coli was isolated once from respiratory
specimen of 2 patients (#7, #13).

One patient (#8) had a viral pneumonia at 10 years of age, sev-
eral days after a systemic varicella infection. She developed a necro-
tizing pneumonia with an acute respiratory distress syndrome,
requiring mechanical ventilation. Tracheal secretions were PCR-posi-
tive for Varicella zoster virus and Cytomegalovirus. The patient stabi-
lized after 20 days of intensive mechanical ventilation, a right-sided
pneumectomy, and antibiotic and antiviral therapy, the patient stabi-
lized.

Respiratory specimens were positive for A fumigatus in 8 patients
at a median of 17.8 years of age at first detection (range 10-33.6).
All 8 patients had bronchiectasis, traction bronchiectasis, cysts, bul-
lae, pneumatocele, or lung cavities. Five patients had invasive
aspergillosis according to the EORTC/MSG definitions,?” and two
patients died because of Aspergillus-associated complications at 16.8
and 28.8 years of age. Autopsy results showed that the causes of
death were an A fumigatus pneumonia and a severe bacterial bron-
chopneumonia in patient #5 and a respiratory insufficiency after lung
hemorrhage originating from a 10-cm A fumigatus-positive, thick-
walled cavity in patient #11 (Figure 2). Predominant histological find-
ings in both patients were bronchiectasis, fibrosis, granulomas, sev-

eral aspergillomas, cavities and signs of acute and chronic infection.

Start IGRT
-e- ptd
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'\-—.v_ ';" -9 ptT
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FIGURE 1 Course of forced expiratory volume in 1 s (FEV1, % predicted) (A) and forced vital capacity (FVC, % predicted) (B) in relation to
the start of regular immunoglobulin replacement therapy (IGRT) of 6 STAT3-HIES patients. Patients with (black colored lines) and without (gray
colored lines) a history of significant lung surgery and associated loss of lung tissue are depicted, demonstrating the overall lower FEV1 and
FVC values after lung surgery. All available median FEV1 and FVC values per year are shown in the years 1-3 prior to IGRT and in the years 1-
8 after start of IGRT. Median FEV1 values increased in 5 out of 6 patients under IGRT in the first 5 y after starting IGRT and remain relatively
stable in one patient (#8), while FVC values increased in 4 out of 6 patients and remained relatively stable in patients #8 and 13)
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TABLE 2 Radiological findings in chest CTs of 10 STAT3-HIES
patients

Number of
patients positive
for finding

CT finding
Pleural space
Enlarged hilar lymph nodes 3
Parenchyma
Mosaic attenuation
Ground-glass opacity (patchy)
Consolidation
Linear opacity
Emphysema
Cyst

Pneumatocele

W N OO W W N v b

Caverna

Airways
Bronchial wall thickening
Bronchiectasis

Traction bronchiectasis/architectural distortion

AN N ©

Tree-in-bud

Chronic inflammation was dominant with lymphocytes and plasma
cells; in some areas, inflammation was active with few neutrophil
granulocytes. Mild desquamative inflammatory reaction with alveolar
macrophages was also present.

35 |
tissue

Immunohistochemical assessment of lung

Epithelial ABCA3 expression and the abundance of type Il pneumo-
cytes in lung tissue of 2 deceased STAT3-HIES patients were com-
pared with randomly selected human lung tissue. Numbers of
pneumocytes per alveolus in STAT3-HIES were comparable to con-
trol lung tissue, as was their increase in inflamed lung tissue. There
were, however, less ABCA3-positive type Il pneumocytes in STAT3-
HIES patients compared to controls, both in areas with and without

inflammation (Figure 3).

3.6 | Lung surgery

Lung surgeries were performed in referring hospitals in 9 patients at
a median of 4 years of age at first surgery (range 1.5-24) (Table 1).
Five patients received up to 3 interventions. Procedures included
lobectomia (n = 7), abscess drainage (n =5), pleurolysis (n = 2),
pleurectomia (n = 1), decortication (n = 1), wedge resection due to
pneumatocele (n = 2), and unilateral pneumectomia (n = 2). Postop-
erative complications were frequent and severe, including postopera-
tive, prolonged pneumonia due to S aureus and Candida albicans
(n = 1), acute A fumigatus infection (n = 2), persistent empyema
(n = 3), and bronchopleural fistula (n = 4). The latter two complica-
tions required up to 4 postoperative revisions in 2 patients (#9, #12).

Figure 4 illustrates the benefit of intensive intravenous antibiotic
and antifungal treatment of an acute infection as opposed to surgical
intervention. Patient #7 presented at 12.4 years of age with acute
fever, cough and breathing-dependent pain. CXR showed the acute
infection of a large pneumatocele in the left upper lobe, including
fluid mirror and callus formation in the adjacent pleural fissure. After
10 weeks of intensive intravenous therapy with teicoplanin, cef-
tazidime, tobramycin, fosfomycin, metronidazole, and ambisome, he
recovered clinically, the air-fluid level disappeared, and FEV1

increased from 50.9% predicted at admission to 62.6% predicted.

3.7 | Therapy

Continuous antibiotic therapy was started in response to repeated
respiratory tract and other (eg, skin) infections at a median of
4 years of age (range 2-17) in 12 patients, mainly with trimethoprim/
sulfamethoxazole (n = 11) and first or second grade cephalosporins
(n = 9). Two patients (#2, #3) discontinued regular antibiotic therapy.
Nine patients reported a positive effect on pulmonary symptoms,
leading to less cough, sputum, dyspnea, and less respiratory infec-
tions (Table 1).

Five patients (#4, #5, #8, #9, #13) received repeated elective
intravenous antibiotic therapy depending on microbiologic sputum
analysis, as a combination therapy with for example, tobramycin and
ceftazidime, over 2-3 weeks, either upon general pulmonary deterio-
ration or on a regular basis every 6-12 months. Five patients (#4, #7,
#9, #12, #13) received a combination therapy with oral antibiotics
(eg, ciprofloxacin) and nebulized antibiotics (eg, colistin), alternating
in 4-8 week intervals, starting at a median of 12 years of age (range
8-33). More than 60% of the patients reported a positive effect
resulting in less cough, less sputum, and an improved general physi-
cal condition. Repeated respiratory exacerbations were treated effec-
tively with fluoroquinolones.

Antifungal treatment with itraconazole was initiated due to
mucocutaneous candidiasis in 9 patients at a median of 3.7 years of
age (range 2-17). Six patients received posaconazole or itraconazole,
and one patient nebulized amphotericin B after the detection of
A fumigatus in respiratory specimen. A beneficial effect was noted
by 6 patients.

Regular monthly intravenous or weekly subcutaneous IGRT
(recommended dosage: 0.4 g per kg of body weight per month) was
started in 11 patients at a median of 12 years of age (range 1-33), in
response to worsening respiratory symptoms or a worsening general
condition. In addition to the positive effect of IGRT on lung function,
patients reported fewer upper respiratory infections and bronchitis
(72%), fewer pneumonia (55%), less sputum (45%), improved physical
condition (18%), less fatigue (1%), and an improved skin condition
(27%).

Nine of 10 patients reported that inhalation with hypertonic or
isotonic sodium chloride lead to less cough, less sputum, less dysp-
noea, better expectoration, and better physical condition. Other
inhaled agents included salbutamol (patients #5, #7, #9, #10) and
ipratropium (patient #7).
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Three patients (#4, #6, #13) received aerosolized recombinant

human deoxyribonuclease (rhDNase), an enzyme breaking down
DNA strands in airway secretions to reduce viscoelasticy?® and
frequently used in CF. Patient #4 experienced first hemoptysis a
few weeks after starting rhDNAse at 11.3 years of age, and
patient #13 reported an improvement of dyspnea at 33 years of
age, however, stopped therapy shortly after due to habitual

FIGURE 2 Selection of chest computed
tomographies (CTs) of characteristic lung
damage of parenchyma and airways in
STAT3-HIES patients show: A large
pneumatocele (2A, white arrow) and
mucus-filled bronchiectasis (2B, white
arrow), bronchial wall thickening, and
ground-glass opacities (2B, black arrow) in
patient #4 at 15 y of age; multiple cysts
(2C), a large air-fluid cavity (2D, gray
arrow), traction bronchiectasis with wall
thickening and extensive tree-in-bud (2D,
black arrow) on the right side, and a large
pleural effusion (2D, asterisks) with
compression atelectasis in the left lower
lobe in patient #9 at 20.2 y of age; right
upper lobe destruction with a large thick-
walled air-filled cavity (2E) and multiple
smaller cavities, partly with air-fluid level
(2F, gray arrow), consolidation areas and
bronchiectasis in the right lung as well as
emphysema (white arrow) in the left lung
of patient #11 at 28.3 y of age. Severe
scoliosis, multiple cysts on the right side
(2G), and chronic consolidation with
traction bronchiectasis are present in the
left lower lobe (2H, arrow) in patient #13
at 33.8 y of age

hemoptysis. The now 17-year-old patient #6 is on rhDNAse ther-
apy since 6.8 years of age, reporting that rhDNAse yielded the
best effect of all applied therapies, and having had only one
episode of hemoptysis.

Five patients performed guided chest physiotherapy (up to 2
times per week) and 8 patients a workout program (up to 5 times
per week); all reported a positive effect on pulmonary symptoms.
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Immunohistochemical analysis of ABCA3 protein in lung tissue of two patients with STAT3-HIES. Reduced amount of ABCA3-

positive type Il pneumocytes after staining with primary antibody against ABCA3 protein (200-fold magnification) in uninflamed lung tissue of
patient # 5 (A) and #11 (B) compared to eight non-neoplastic and not STAT3-HIES affected lung tissues randomly selected from the archive of
the Institute of Pathology, LMU Munich, one healthy control is shown (C). Number of ABCA3-positive type Il pneumocytes in 10 randomly
selected alveoli of lung tissue from patients #5 and #11, in lung areas without (black dots) and with inflammation (white dots) compared to

eight controls (D)

4 | DISCUSSION

The relevance of pulmonary involvement in STAT3-HIES is undis-
puted.2®* Pulmonary symptoms are a heavy burden for patients
with STAT3-HIES. All but one of our patients had a history of pneu-
monia, confirming the reported pneumonia prevalence of 90%-
100%.4%%2? In similar frequency as reported previously, recurrent
pneumonia sequentially led to severe lung tissue destruction with
abscess, pneumatocele, cyst, and cavity formation and to bronchiec-
tasis (with and without traction).*2?*° Bronchiectasis was present in
this cohort above 9 years of age.

Lung sequels in STAT3-HIES are not yet well understood but are
thought to be triggered by several factors, such as impaired clear-
ance of infection, tenacious mucus-enhancing bronchiectasis devel-
opment, delayed diagnosis of pneumonia due to diminished signs of
systemic inflammation with lack of fever and of inflammatory mark-
ers, and impaired tissue repair mechanisms.> The lack of

inflammatory response and clearance of infection is explained by the
dominant negative effect of mutated STAT3 on the inflammatory IL-
6 pathway.>”?13! Furthermore, STAT3 regulates the expression of
surfactant protein B and maintains surfactant homeostasis after
lung injury®? through IL-6-regulated expression of ABCA3 in type II
pneumocytes.? Therefore, we assessed ABCA3 expression in human
lung tissue and for the first time identified reduced ABCA3 expres-
sion in STAT3-HIES patients, suggesting that impaired surfactant
homeostasis via ABCAS3 expression may be involved in pathophysiol-
ogy of lung disease in STAT3-HIES.

Hematopoetic stem cell transplant, a treatment of choice in
several primary immunodeficiencies, is of questionable benefit in
STAT3-HIES,**7 likely due to extra-hematopoietic alterations, and
its inability to correct existing pulmonary complications. Lung sur-
gery does not cure the underlying STAT3 defect, has a high rate
of complications, reduces the total amount of functional lung tis-
sue, and thus has a negative effect on the long-term outcome.?
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FIGURE 4 Clinical course in a patient with conservative treatment of an acute pulmonary exacerbation. CXR (A) of patient #7 at 12.4 y of
age after admission due to acute pulmonary exacerbation with acute fever, cough, and breathing-dependent pain showing a thick-walled
(preexisting) pneumatocele with air-fluid level and thickening of the pleural surface on the left side consistent with superinfection. The patient
was treated over a period of 10 wk with intensive multiple antibiotic and antifungal i.v. therapy; CXR follow-up showed 6 wk after admission
(B) an improved air-fluid level and 4 wk later (C) a thin-walled pneumatocele without fluid content

Instead, infection prevention and limitation are highly recom-
mended. In primary immunodeficiencies, weekly subcutaneous or
monthly intravenous IGRT (recommended dosage: 0.4 g per kg of
body weight per month) is a standard therapy to replace missing
specific immunoglobulin G (IgG) and reduce infection. Despite the
fact that STAT3-HIES patients show normal serum levels of total
IgG, they lack S aureus-specific 1gG32 and show variable antibody
responses to vaccines, for example, against S pneumonia,®® which
likely explains the observed reduction in the incidence of bacterial
pneumonias by 33% in patients receiving IGRT compared to
patients without IGRT.* Here, we find a stabilization of lung func-
tion under IGRT with positive effects on respiratory infections and
the physical condition.

We recommend continuous oral S aureus effective antibiotic ther-
apy in all patients, including intense intravenous antibiotic treatment
of respiratory exacerbations, regular intravenous antibiotic therapy in
selected patients with a high frequency of pulmonary exacerbations as
well as the use of fluoroquinolones in case of exacerbation.

In CF, chronic P aeruginosa infection is associated with a worse

disease outcome3*35

and early eradication therapy, followed by
long-term nebulized antibiotics is recommended.'®?° Despite limited
data,™* P aeruginosa eradication regimens may also benefit STAT3-
HIES patients.

A significant mortality rate is associated with A fumigatus in
STAT3-HIES, which was also responsible for the death of two
patients in this group. Fungal treatment in therapeutic dosages for
all STAT3-HIES patients with Aspergillus colonization is suggested,
especially if pneumatoceles, cysts, or bronchiectasis are present.>*
Posaconazole is preferred despite the expense because of better
bioavailability and its good long-term risk profile.%¢

Regular inhalation therapy in chronic suppurative lung diseases,
such as CF, increases surface liquid and improves mucociliary clear-
ance. In STAT3-HIES, mucociliary clearance is potentially also
impaired, due to an altered differentiation of basal cells into ciliated
cells.®® Our patients reported that inhalation therapy with (hyper-

tonic) saline, chest physiotherapy, airway clearance techniques, and

workout programs was beneficial. Aerosolized rhDNAse in CF is
known to reduce the progression of lung disease?® but should be
halted if there is pulmonary hemorrhage. Detrimental effects on lung
function and frequency of pulmonary exacerbations have been
shown in other diseases, such as idiopathic bronchiectasis,®” and
from our point of view, the risk of rhDNAse treatment in STAT3-
HIES—with frequent lung hemorrhage due to dilated and fragile
bronchial arteries®>—outweighs the potential benefits. Accordingly,
nebulized corticosteroids®® are not recommended due to the immun-
odeficiency in STAT3-HIES as they are associated with an increased
risk for infections.

Our observations are based on a cohort of patients with a rare
disease; therefore, the overall level of evidence is low. Prospective
observations are needed, yet difficult to carry out due to the rare-
ness of the condition and the need for individualized treatment. We

and others'3#

observed lung disease in STAT3-HIES as not self-lim-
iting and demanding aggressive treatment. We felt comfortable
transferring knowledge generated in CF to STAT3-HIES patients.
Our report highlights the importance of monitoring pulmonary symp-
toms in STAT3-HIES patients very closely, in order to detect pul-
monary infections before tissue is severely damaged. We suggest a
regular, quarterly monitoring scheme, as proposed for CF by the
European Cystic Fibrosis Society Standards of Care,*® including clini-
cal examinations, airway cultures, lung function tests, annual CXR,
and, depending on clinical need, lung-CT. Treatment should include
long-term antibiotic and antifungal treatment, regular IGRT, daily
inhalation therapy, chest physiotherapy, and physical activity to pre-

vent and to eliminate infections.
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