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Abstract

Background: Birt-Hogg-Dubé syndrome (BHD) is an inherited disease caused by pathogenic variants in

the FLCN gene. One of the characteristics is the increased risk for spontaneous pneumothorax, likely due to the pres-
ence of pulmonary cysts mainly distributed under the carina. Due to variable expression and lack of awareness, BHD
is likely to be underdiagnosed. We aimed to examine the prevalence of BHD in patients presenting with an apparent
primary spontaneous pneumothorax and to evaluate the contribution of chest CT in establishing the diagnosis.

Methods: Patients who presented with apparent primary spontaneous pneumothorax between 2004 and 2017 in
a large Dutch teaching hospital were enrolled in this quantitative cross-sectional study. A questionnaire was sent to
eligible patients. Patients who completed the questionnaire and consented to further participation were invited to
visit the hospital for genetic testing and low dose, volumetric chest CT.

Results: Genetic testing was performed in 88 patients with apparent primary spontaneous pneumothorax. Three
patients were found to have a pathogenic variant in the FLCN gene (3.4%). No variants of unknown significance were
detected. Pulmonary cysts were detected in 14 out of 83 participants with an available chest CT, six had more than
one cyst. All three patients with BHD had multiple pulmonary cysts.

Conclusions: Based on previous literature and the present study, we believe that performing a chest CT in
every patient presenting with primary spontaneous pneumothorax is justified. Subsequent genetic testing of
the FLCN gene should be considered when multiple pulmonary cysts are present.

Trial registration: The study was registered at clinicaltrials.gov with reference NCT02916992.

Summary at a glance: Three out of 88 patients with an apparent primary spontaneous pneumothorax were
diagnosed with Birt-Hogg-Dubé syndrome in this study and all three had multiple pulmonary cysts. We believe that
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performing a chest CT in every patient with an apparent primary spontaneous pneumothorax is justified to identify

underlying diseases.

Keywords: BHD, Birt-Hogg-Dubé syndrome, Pneumothorax, Primary spontaneous pneumothorax, PSP

Background

Birt-Hogg-Dubé syndrome (BHD) is an autosomal domi-
nant condition caused by loss of function mutations
in the FLCN gene [1-3]. It is characterized by fibrofol-
liculomas in 49-84% of the patients, pulmonary cysts
in 70-89%, pneumothorax in 24-38% and renal cell
carcinoma (RCC) in 14-34% [4—-12]. Given the vari-
able expression, BHD is probably underdiagnosed [13].
Symptoms of RCC often develop in late stages of the dis-
ease and early detection gives the opportunity to treat
tumors at an early stage, which can be lifesaving [14—16].
A diagnosis of BHD allows for renal surveillance in both
patients and their relatives carrying the FLCN pathogenic
variant.

A possible way to identify more BHD patients at risk
for RCC is to test for BHD among patients present-
ing with apparent primary spontaneous pneumothorax
(PSP). Guidelines on PSP specify that chest computed
tomography (CT) is seldom indicated considering the
low added diagnostic value and several guidelines do
not even mention CT [17-19]. As a result, pulmonary
cysts, which could be an indication of BHD, are often not
recognized. The cysts in BHD are typically well circum-
scribed, irregularly shaped, located in the basal parts of
the lungs, vary in size, are relatively often attached to the
pleura and they tend to be associated with blood vessels
[20, 21]. Other features of BHD, such as skin lesions and
a family history of RCC or pneumothorax, are not always
routinely assessed by most pulmonologists. Therefore,
the diagnosis of BHD may easily be missed. It is therefore
relevant to assess the prevalence of BHD among patients
with apparent PSP and to determine whether chest CT
and/or genetic testing in all PSP patients is justified. The
prevalence of BHD among patients with familial pneu-
mothorax has been reported to be 17-86% [22—24]. The
broad range is probably due to a difference in inclusion
criteria and a small number of families per study. The
prevalence of BHD in unselected patients with appar-
ent PSP has been investigated in three previous studies.
First, Johannesma et al. have performed a retrospective
study in 40 apparent PSP patients in another Dutch hos-
pital, and BHD was diagnosed in 7.5% of the patients
[25]. Furthermore, 102 patients with apparent PSP have
been analyzed in a Chinese study and BHD was detected
in 9.8% [26]. Finally, Zhang et al. have investigated a NGS
strategy for diagnosing BHD, as well as other inherited
diseases with an increased risk for pneumothorax, in

patients with apparent PSP. Two out of 21 patients car-
ried a pathogenic variant and one a likely pathogenic var-
iant in the FLCN gene [27]. Ebana et al. studied patients
with pneumothorax who underwent VATS during a given
time period. In their study, 9.5% percent of patients with
PSP undergoing VATS had a known diagnosis of BHD
[28].

In this study, we aimed to examine the prevalence of
BHD in patients presenting with PSP by genetic test-
ing. Also, we aimed to evaluate the contribution of CT
in diagnosing BHD in PSP patients and to provide infor-
mation on the characteristics of cysts in all patients with
pulmonary cysts.

Methods
Study population
This quantitative cross-sectional study was performed in
the Rijnstate Hospital in Arnhem, The Netherlands. The
study was approved by the ethical committee of Radboud
University Medical Center in Nijmegen with approval
number 2014-525. The study is registered at clinicaltri-
als.gov with reference NCT02916992 at 28/09/2016.
Written informed consent was obtained from all
included patients. The medical records of all patients
who presented with a pneumothorax between 2004 and
2017 were assessed and considered for inclusion if no
cause of the pneumothorax was mentioned in the hos-
pital discharge letter. Exclusion criteria were secondary,
traumatic or iatrogenic pneumothorax, age below 18,
insufficient proficiency in the Dutch language and intel-
lectual disability. A letter and a questionnaire were sent
to the home addresses of patients meeting the inclusion
criteria. Patients who completed the questionnaire and
consented to further participation in research, received
more information about the study and were invited for
a hospital visit for skin assessment, genetic testing and
chest CT.

Questionnaire

The questionnaire consisted of questions regarding the
number, date and sides of pneumothoraces, patient his-
tory, comorbidity, smoking habits and familial history.

Genetic testing

FLCN testing was performed in the diagnostic DNA lab-
oratory of the VU University Medical Center in Amster-
dam. The analysis was carried out on DNA extracted
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from a venous blood sample and performed by Sanger
sequencing and multiplex ligation-dependent probe
amplification (MLPA) as previously described [8]. Resid-
ual material was destroyed unless patients consented
with further use in scientific research.

Computed tomography

A chest CT for the purpose of this study was only per-
formed if no suitable previous chest CT of the patient
was available for the assessment of cysts (e.g. chest CT
without a large pneumothorax). As a result, not all CT
scans assessed were performed using the same type of
scanner. The low dose volumetric chest CT scans for the
purpose of this study were performed using the Somatom
Emotion 16 (Siemens, Miinchen, Germany). If CT scans
of the patient were already available, the last suitable
scan was assessed for cysts. The smallest slice thickness
ranged between 0.75 and 4.00 mm. The CT scans were
assessed for emphysema-like changes, cysts and addi-
tional relevant findings by the radiologist and the pulmo-
nologist. For all cysts, the number, the association with
blood vessels, the location, the size and the shape were
assessed. In case of incidental findings on the chest CT,
the patient was informed and referred to a specialist for
further evaluation if indicated.

Statistical analysis

The statistical analyses were performed using SPSS ver-
sion 25.0 (IBM Corp. Released 2017. IBM SPSS Statistics
for Windows, Version 25.0. Armonk, NY: IBM Corp).
Descriptive statistics were used to display demographic
data. The Fisher’s exact test was used to compare dichot-
omous variables between cysts in patients with and with-
out BHD.
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Results

Population

475 apparent spontaneous pneumothorax patients
met the inclusion criteria and were sent a question-
naire. A total of 178 patients completed and returned
the questionnaire and these patients received further
information about the study. Among them, 90 refused
to participate, had relocated, or their pneumothorax
was found to be secondary at further inspection of the
medical files. Ultimately, 88 patients were included
for genetic testing. In 20 of them, a chest CT for the
evaluation of cysts was already available. A total of 63
patients underwent a chest CT for the purpose of this
study; 44 never had a chest CT before and 19 had a
chest CT during pneumothorax which was not eligible
to asses for cysts. Five patients refrained from a chest
CT after all and only had genetic testing performed.
Figure 1 shows a flow chart of the patient selection. The
demographic characteristics and questionnaire results
are shown in Table 1.

Genetic testing

Two pathogenic variants in FLCN were detected in
three patients (3.4%): c.1301-7_1304del; 1323delinsGA
(twice), and ¢.1408_1418del. No variants of unknown
significance were detected. Both pathogenic vari-
ants have been reported previously in multiple BHD
patients [8, 25, 29]. The patient characteristics are
shown in Table 2. All three patients were female and
had skin lesions suspect of fibrofolliculomas. Patient 1
and 2 were mother and daughter who had 7 more fam-
ily members with a history of pneumothorax.

|

questionnaire sent

Eligible for inclusion; ’
n=475

E

Questionnaire completed ’

Questionnaire not completed

L J

— =

n=178 n=297
No further participation Inclusion and genetic testing
n=90 n=88

n=20

L

Chest CT already available ’ L

Chest CT performed in this study
n:

No chest CT performed/available

63 n=5

I

Fig. 1 Study flowchart
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Table 1 Demographic characteristics and results of chest CT and genetic testing

Page 4 of 8

All included Chest CT already Chest CT performedin  No chest CT (n=5)
patients (n=88) available (n=20) this study (n=63)
Age in years, median (range) 34 (18-74) 36 (19-74) 35 (18-66) 22 (21-34)
Female 36 (40.9) 10 (50.0) 24 (38.1) 2 (40.0)
Number of pneumothoraxes, median (range) 1(1-7) 2 (1-6) 101-7) 1(1-1)
Age at first pneumothorax in years, median (range) 29 (16-74) 28,5 (17-74) 30 (16-58) 18 (17-25)
Side of pneumothorax
Left 34 (38.6) 5(25.0) 28 (44.4) 1(20.0)
Right 45(51.1) 11 (55.0) 30 (47.6) 4(80.0)
Bilateral 9(10.2) 4(20.0) 5(7.9) 0
Family history of pneumothorax 19(21.6) 4(20.0) 14 (22.2) 1(20.0)
Family history of renal cell carcinoma 5(5.7) 3(15.0) 2(3.2) 0
Smoking
Current smoker 27 (30.7) 5(20.0) 20 (31.7) 2 (40.0)
Past smoker 39 (44.3) 11 (55.0) 27 (42.9) 1(20.0)
Never smoked 22 (25.0) 4(20.0) 16 (25.4) 2 (40.0)
Chest CT (outof N=83)
1 cyst 8(9.6) 3(15.0) 5(7.9) NA
>1 cyst 6(7.2) 4(20.0) 2(3.2) NA
Emphysema-like changes 35(42.2) 9 (45.0) 26 (41.3) NA
FLCN pathogenic variant 3(34) 2(10.0) 1(1.6) 0
Results are presented as n(%) unless otherwise stated
NANot applicable
Table 2 Characteristics of BHD patients
BHD patient 1 BHD patient 2 BHD patient 3
Age 51 26 38
Gender Female Female Female
Number of pneumothoraxes 1 1 6
Age at first pneumothorax in years 40 22 21
Side of pneumothorax Right Right Bilateral
Family history of pneumothorax Yes (in 8 family members) Yes (in 8 family members) No
Family history of renal cell carcinoma No No Yes (maternal aunt)

Smoking

Skin examination
Moment of chest CT
Result of chest CT

FLCN pathogenic variant

Past smoker

Suspect for fibrofolliculomas

In this study

3 cysts

¢.1301-7_1304del; 1323delinsGA

Past smoker

Suspect for fibrofolliculomas
Already available

3 cysts

€.1301-7_1304del; 1323delinsGA

Current smoker

Suspect for fibrofolliculomas
Already available

9 cysts Emphysema
€.1408_1418del

Pulmonary cysts

A chest CT was available from a total of 83 patients.
Cysts were present in fourteen patients of whom six
patients had multiple cysts. Three patients without a
FLCN pathogenic variant had two cysts each and were
not suspected to have another underlying lung disease.

All patients with BHD had multiple cysts (n=3, 3 and 9
respectively). The characteristics of the cysts are shown
in Table 3. The majority of cysts were located in the
basal lung fields below the level of the carina. The cysts
in the patients with BHD were significantly more often
associated with a blood vessel. Examples of cysts of 2 of
the patients with BHD are shown in Fig. 2.
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Table 3 Characteristics of pulmonary cysts
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BHD (n =15 cysts from 3 patients) non-BHD (n =14 cysts from 11 patients) p-value
Association with blood vessel 13(86.7) 4(28.6) 0.003
Parenchymal location 10 (66.7) 5(35.7) 0.14
Located under the carina 12 12 1
Size>1cm 7 (46.7) 6(42.9) 1
Irregular shape 5(33.3) 4(28.6) 1

Results are presented as n (%)

-

Fig. 2 Pulmonary cysts in two patients with BHD

Discussion

In this study, we aimed to determine the prevalence of
BHD among patients presenting with apparent PSP. Fur-
thermore, CT scans of patients with apparent PSP were
assessed on pulmonary cysts to evaluate the contribution
of chest CT in diagnosing patients with BHD. The general
characteristics of included individuals show, as expected,
a higher percentage of smokers than in the general popu-
lation, a high prevalence of emphysema-like changes on
their chest CT and a higher percentage of males. All are
known risk factors for pneumothorax [30-32].

We identified a pathogenic variant in FLCN in three
out of 88 apparent PSP patients (3.4%). Previous studies
reported a higher prevalence of 7.5-14.3% [25-28]. A
possible explanation for the difference might be the rel-
ative small sample size in our study and other reported
studies. Differences between the studies concerning the
inclusion criteria or characteristics of included patients
may also have played a role. However, other studies did
not have more patients with a family history for pneu-
mothorax (21.6% in our study, 9.8% in Ren et al. [26]).
Not all studies reported the timing and results of chest
CT, which we could therefore not compare. Lastly, we
hypothesize that the discrepancy in prevalence could
partly be attributed to a difference between the Dutch

and Chinese populations. Tall stature is a risk factor for
PSP [33], and Dutch people are among the tallest peo-
ple in the world [34]. The studies of Ren et al. and Zhang
et al. [26, 27] were conducted in China, where the preva-
lence of pneumothorax in the general population might
be lower than that in the Netherlands, resulting in rela-
tively more patients with underlying conditions such
as BHD. This hypothesis is still speculative because the
exact prevalence of PSP in both countries is unknown
and it is also not clear how the length of BHD patients
influences their pneumothorax risk. Although the yield
in our study was lower than previously described, we
did identify two new families with BHD. This led to the
diagnosis of a hybrid oncocytic-chromophobe renal car-
cinoma with a maximum diameter of 2.6 ¢cm in one of
the participating patients. It was successfully removed
by partial nephrectomy. At-risk family members from
both families were informed about BHD and were given
the possibility to perform genetic testing for BHD and
undergo renal surveillance if the FLCN pathogenic vari-
ant was detected.

The three BHD patients in our study in retrospect all
had recognizable features of BHD that had could have
been an indication for genetic testing at an earlier time.
Patients 1 and 2 were a mother and daughter from a
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family with many family members with pneumothorax.
The daughter already had a CT-scan available in her med-
ical records that showed pulmonary cysts. Patient 3 also
had a CT-scan available that showed multiple cysts and
she had a family history of RCC. Furthermore, all three
patients had skin lesions suspect of fibrofolliculomas.
This suggests that raising awareness of BHD among pul-
monologists and radiologists can be an important factor
in identifying more families with BHD. BHD should be
considered as an underlying cause in patients with appar-
ent spontaneous pneumothorax who have skin lesions or
report a family history of RCC or PSP, especially if a chest
CT has not been performed. In addition, genetic testing
for BHD is indicated in all patients with multiple pulmo-
nary cysts without a known cause.

Although pulmonary cysts are not fully penetrant in
BHD, they were present in all three BHD patients in this
study and in all patients the previous independent Dutch
study [25]. In the current study, the yield of pathogenic
FLCN variants in individuals with pulmonary cysts was
3/14 (21.4%) and among individuals with multiple pulmo-
nary cysts 3/6 (50.0%). This is more or less comparable to
a previous study where in 6/17 (35.3%) individuals with
a chest CT suspect for BHD, the diagnosis of BHD was
confirmed [35]. Other researchers proposed a scoring
system to select patients with PSP who should undergo
genetic testing for BHD [28]. The items of the proposed
score system were a family history of pneumothorax (3
points), history of bilateral pneumothorax (3 points), age
of 25 years or older at the first episode of pneumothorax
(2 points), being female (2 points) and a body mass index
of 18.5 or higher (1 point). The cut-off point was a score
of at least four. In the current study, we only have data
about the first four features. Nevertheless, all three BHD
patients in our study would have had a score above the
cut-off point (at least: 5, 5 and 7). Among the individu-
als without BHD, at least 33/85 also had a score of four
or higher, leading to a sensitivity of 100% and a specific-
ity of 54—61% of this scoring system in our study popula-
tion. Another recent study showed cost-effectiveness of
high-resolution CT (HRCT) chest imaging in diagnos-
ing cystic lung diseases, such as BHD and lyphangioleio-
myomatosis, in patients with apparent PSP [36]. A chest
CT may also help to diagnose other lung diseases such as
emphysema, which was present in over 50% of our study
population, and alpha-1-antitrypsin deficiency. These
diagnoses can have implications for treatment and/or
might be a motivation for patients to quit smoking.

Cysts in BHD have been reported to be more fre-
quently associated with a blood vessel and more often
parenchymal compared to cysts in pneumothorax
patients without BHD [20, 37]. This was also observed
in the present study. Furthermore, cysts in BHD have
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been reported to be predominantly irregularly shaped
and larger than one centimeter [20, 21, 38]. We did not
observe these two characteristics. This might be due to
the small number of cysts that were evaluated in the
present and previous studies. Additionally, this might
also reflect the fact that there is heterogeneity in the
presentation of pulmonary cysts in BHD and establish-
ing a diagnosis based on chest CT solely is not possible.

This study has some limitations. The response rate
to the questionnaire (37,5%) was lower than expected.
There was no significant difference in age between
the responders and non-responders though (data not
shown). The questionnaire did not mention BHD, so
a selection bias towards patients with a positive per-
sonal or family history for features of BHD cannot have
played a role at the questionnaire stage. Only half of
the responders was included for genetic testing, which
might have caused a selection bias. After completing
the questionnaire, patients were informed about the
aim of the study and patients with a positive (family)
history of features of BHD might have been more prone
to participate in the study.

Conclusions

BHD was the cause of the pneumothorax in 3.4% of
patients with apparent PSP. Performing a chest CT in
every patient presenting with PSP is justified based on
previous literature and the present study. Subsequent
genetic testing for BHD should be advised in case pul-
monary cysts are present. Our results show that cur-
rently not all patients with pulmonary cysts are tested
for BHD and raising awareness about this matter is
important to detect families with BHD. The goal of the
chest CT would be to identify more patients with BHD,
which allows for genetic testing in family members and
renal surveillance for those with BHD. Also, perform-
ing a chest CT may lead to the detection of other rel-
evant lung diseases.
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