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Summary
Background Birt-Hogg-Dub�e syndrome is a rare genetic tumor syndrome characterized by renal cell cancer, lung
bullae, pneumothorax, and fibrofolliculoma. Patients with such orphan tumor disorders are at risk of not receiving a
timely diagnosis. In the present, gender-sensitive study, we analyzed the delay between onset of symptoms and diag-
nosis of Birt-Hogg-Dub�e syndrome.

Methods Clinical data of 158 patients from 91 unrelated families were collected. FLCN mutation testing was per-
formed in index patients and family members.

Findings The occurrence of the first symptom (fibrofolliculoma, pneumothorax or renal cell cancer) was rarely fol-
lowed by a timely diagnosis of Birt-Hogg-Dub�e syndrome and did so significantly less often in female (1.3%) com-
pared to male (11.4%) patients (chi-square 6.83, p-value 0.009). Only 17 out of 39 renal cell cancers (7/17 female, 10/
22 male patients) were promptly recognized as a symptom of Birt-Hogg-Dub�e syndrome. Patients in which renal
cell cancer was initially not recognized as a symptom of Birt-Hogg-Dub�e syndrome waited 9.7 years (females SD
9.2, range 1-29) and 8.8 years (males, SD 4.1, range 2-11) for their diagnosis, respectively. Four (three female, one
male) patients developed renal cell cancer twice before the genetic tumor syndrome was diagnosed. The delay
between fibrofolliculoma or pneumothorax as a first symptom and diagnosis of Birt-Hogg-Dub�e syndrome was con-
siderable but not significantly different between females and males (18.1/17.19 versus 16.1/18.92 years). Further-
more, 73 patients were only diagnosed due to family history (delay 15.1 years in females and 17.4 years in males).

Interpretation The delay between onset of symptoms and diagnosis of Birt-Hogg-Dub�e syndrome can be substantial
and gender-dependent, causing considerable health risks for patients and their families. It is therefore important to
create more awareness of Birt-Hogg-Dub�e syndrome and resolve gender biases in diagnostic work-up.
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lung bullae, resulting in an average risk for spontaneous
Introduction
Birt-Hogg-Dub�e syndrome (BHDS, MIM: 135150) is an
inherited tumor syndrome with major symptoms that
affect lung, skin and kidney.1 Nearly all patients develop
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pneumothorax of about 44%.2 There are gender differ-
ences regarding pneumothorax risk; female patients
tend to be affected more often before age 20 years but
rarely after age 50 years. Male patients mostly develop
spontaneous pneumothorax (SP) between age 20 and
40 years but their risk again increases after age
50 years.2 Fibrofolliculoma (FF), the typical benign skin
tumors, start to appear between age 20 and 40 years,
mostly on face and neck. They are small grayish−white
papules with a mostly smooth surface, may be subtle
but tend to increase in number and size over time, and
may coalesce into plaques.3
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Research in context

Evidence before this study

A trend towards delayed diagnosis of BHDS was obvious
in samples reported by other groups. This trend is best
demonstrated by the fact that the mean patient age is
often well after the average age of symptom onset.

Added value of this study

Using one of the largest existing samples of BHDS fami-
lies, we analyzed how likely RCC and other typical symp-
toms are to prompt diagnosis of BHDS. To the best of
our knowledge this is the first time that this question
has been systematically addressed.

Implications of all the available evidence

The patients’ chances to be timely diagnosed with
BHDS were small for all major symptoms. Female
patients were significantly less often diagnosed after
the occurrence of the first symptom compared to male
patients. It is important to continue creating awareness
of BHDS and recognize gender biases in diagnostic
work-up.
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Patients with BHDS are at risk of developing benign
or malignant renal tumors that can be multifocal and/
or bilateral. The risk for renal cell carcinoma (RCC) is
about 14-35% (median age 56 years) and different histo-
logical subtypes are possible, including the rather char-
acteristic chromophobe/oncocytoma hybrid renal
tumor.4−9 Furthermore, the possibility for an increased
colorectal cancer risk is controversially discussed, a
tumor type that in our sample showed a small but sig-
nificant increase in frequency and a trend towards early
onset.10 Increased risks for colorectal cancer in BHDS
have also been reported by Nahorski et al.11 and Khoo et
al.12 but were not present in the samples of Zbar et al.13

and Toro et al.14 Associations with different other tumor
types were suggested but not confirmed yet.15,16

BHDS is inherited as an autosomal dominant trait
and caused by mutations in the FLCN gene that encodes
the protein folliculin.17 FLCN is a tumor suppressor
gene for which various important roles in cell function
and tumorigenesis are discussed. These include the reg-
ulation of metabolic homeostasis by coordination of the
main signaling pathways mTORC1 and AMPK, a con-
text dependent function in stem cell biology, and an
involvement in lysosomal biogenesis and autophagy.18
−20 BHDS is usually described as a rare syndrome but
numbers of reported patients steadily increased during
the last years, strongly suggesting that the syndrome is
more frequent than previously assumed and that many
patients still not receive a timely diagnosis.21 Exploring
a large sample of BHDS families that has been collected
over a time span of more than 15 years, we analyzed
how likely RCC and other typical symptoms are to
prompt diagnosis of BHDS. Our results demonstrate
that the delay between the occurrence of the first symp-
toms and recognition of the syndromic origin is often
substantial and tends to be gender-dependent, causing
avoidable health risks for BHDS patients and their fam-
ily members.
Methods

Patients
All patients attending the Munich BHDS outpatient
clinic and family members for which the relevant clini-
cal information was available were part of the study.
Included in the study were 79 female (mean age 51¢
5 years, SD 14¢5, range 15-86 years) and 79 male BHDS
patients (mean age 55¢4 years, SD 17¢1, range 4-87
years), belonging to 91 unrelated families. Informed
consent for DNA testing and study participation was
obtained from all index patients as well as from family
members visiting our BHDS outpatient clinic between
2005 and 2021. Of the 91 BHDS families, 80 were of
German descent, one each from Turkey, Portugal, Swit-
zerland, France and Greece, two from Great Britain and
four of Eastern European origin with German roots
(Volga Germans). Clinical data were collected when
patients were first seen in the outpatient clinic and on
subsequent visits as well as from regular follow-up con-
tacts by email and phone. Diagnosis of fibrofolliculoma
was either established by histopathology after biopsy, or
judged by visual inspection performed independently
by two specialists in dermatology in combination with
confocal laser scan microscopy (VivaScope 1500/3000,
VivaScope Munich, Germany). The reasons for diagno-
sis were mainly a family history for BHDS (43 female,
33 males), fibrofolliculoma (18 females, 22 males),
pneumothorax (11 females, 10 males), RCC (seven
females, 12 males), renal adenoma (0 females, one
male) and somatic tumor sequencing (i.e. sequencing
the tumor to determine the mutational burden for ther-
apeutic purposes) (0 females, one male).
Genetic testing
The coding region of the FLCN gene including adjacent
intronic sequences was amplified by PCR and analyzed
by Sanger sequencing following standard protocols.4 In
summary, PCR amplification was performed with 50-
100 ng DNA using HotStarTaq DNA Polymerase or
InvitrogenTMTaq DNA Polymerase recombinant (Qia-
gen, Hilden, Germany; Thermo Fisher Scientific,
Dreieich, Germany). PCR products were prepared for
sequencing with the Qiagen PCR purification kit (Qia-
gen, Hilden, Germany), and Sanger sequencing was
performed using the 3500 Genetic Analyser (Thermo
Fisher Scientific, Dreieich, Germany). For MLPA the
www.thelancet.com Vol 51 September, 2022
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SALSA MLPA P256 FLCN probemix (MRC Holland,
Amsterdam, The Netherlands) was used on the ABI
3100 Avant (Applied Biosystems, Darmstadt, Germany)
and analyzed by Coffalyser Net software (MRC Holland,
Amsterdam, The Netherlands).22
Statistical analyses
Statistical analyses were performed using the two-tailed
Mann−Whitney U test (significance level p≤0.05) to
exclude age differences between females and males
regarding all patients included, time of diagnosis, age of
first symptom and follow-up period. The Chi-Square
test (significance level p≤0.05) was used to test the
hypothesis that sex influences the likelihood that the
first symptom prompted diagnosis.
Ethics approval
The study has been approved by the ethical committee/
institutional review board (IRB) of the Medical Faculty,
University Hospital Munich, under the project-number
508/16UE.
Role of funding source
Non declared, OS and ES had access to all raw data.
Results
Mostly truncating FLCN mutations were found in all but
two of the 91 BHDS families. A table summarizing the
mutations has been published earlier.10 Mutations affect-
ing the known FLCN hotspot at nucleotide 1285 of the cod-
ing sequence (LRG_325t1/NM_144997.7: c.1285dup or
c.1285del) were present in 18 families. There was no sig-
nificant difference regarding the age of female and male
patients included in the study (u-value 2646, z-score
-1.648, p-value 0.10). At the time diagnosis of BHDS was
established the mean age was 47.4 years (SD 13.9, range
10-82 years) for females and 51.7 years for males (SD 15.7,
range 12-83 years) (u-value 2620, z-score -1.739, p-value
0.08). The first symptom from the typical BHDS clinical
triad (fibrofolliculoma, pneumothorax or RCC) appeared
at the mean age of 33.6 years (SD 12.9, range 15-69 years)
in females and at the mean age of 38.8 years (SD 15.8,
range 15-83 years) in males (u-value 1258.5, z-score 1.703,
p-value 0.11).

The mean follow-up period after diagnosis of BHDS
was 4.9 years (SD 5.8, range 0-42 years) in female and
5.0 years (SD 3.1, range 0-15 years) in male patients (u-value
3051., z-score 0.240, p-value 0.81). There were no signifi-
cant differences regarding the reason for diagnosis between
female and male patients, and the symptom that caused
diagnosis was rarely the first symptom the patients devel-
oped. The occurrence of the first symptom significantly
less often prompted diagnosis of BHDS in females (1.3%)
www.thelancet.com Vol 51 September, 2022
compared to males (11.4%) (females 1(1xRCC)/79; males 9
(6xRCC, 2xSP, 1xFF)/79) (chi-square 6.83, p-value 0.009).

A total of 39 RCC occurred in 14 female (mean age of
occurrence 53.4 years, SD 11.3, range 29-75 years) and 21
male (mean age of occurrence 55.4 years, SD 10.7, range
38-70 years) BHDS patients (metachronous tumors
included). Seven RCC in females (mean age of occur-
rence 48.4 years, SD 11.1, range 29-60 years) and five
RCC in males (mean age 61.2 years, SD 7.8, range 50-
69 years) were only retrospectively recognized as a
symptom of BHDS. Four (three female, one male)
patients twice developed RCC before BHDS diagnosis
was established (mean time between first and second
RCC: 10.8 years, range 2-29 years). The mean delay
between occurrence of RCC and diagnosis of BHDS
was 5.8 years in females (SD 8.9, range 0-29 years) and
2.9 years in males (SD 4.8, range 0-13 years), if patients
in which RCC was immediately recognized as a symp-
tom of BHDS are included. The differences in delay
between occurrence of RCC and diagnosis of BHDS
were not significant between females and males
(u-value 34.5, z-score -1.433, p-value 0.153). Patients in
which RCC was initially not recognized as a BHDS
symptom waited 9.7 years (females SD 9.2, range 1-29)
and 8.8 years (males, SD 4.1, range 2-11) for their BHDS
diagnosis, respectively. Two female and four male
patients were found to be presently affected by RCC
when surveillance started after BHDS became known in
the family. Four additional patients (one female, three
males) developed RCC within two years after diagnosis
of BHDS (Table S1).

The delay between fibrofolliculoma as a first symp-
tom (female n=19, male n=23) and diagnosis of BHDS
did not significantly differ between female and male
patients (delay in females 18.1 years (SD 13.0, range 4-
52 years); delay in males 16.1 years (SD 13.8, range 0-51
years); z-score -0.705, p-value 0.48). The same was true
for the delay between pneumothorax as a first symptom
(female n=12, male n=2) and BHDS diagnosis (delay in
females 17.19 years (SD 11.6, range 1-46 years); delay in
males 18.92 years (SD 15.4, range 1-54 years); z-score
-0.037, p-value 0.97). Furthermore, the delay between
the occurrence of first symptoms and diagnosis due to
family history (female n=41, male n=32) was approxi-
mately the same for female and male patients (delay in
females 15.1 years (range 1-46 years, SD 11.6), delay in
males 17.4 years (range 0-54 years, SD 16.8); z-score
-0.056, p-value 0.95) (Figure 1). All patients diagnosed
because of their family history were symptomatic.
Discussion
In our sample, 29 RCC occurred before BHDS was
known to segregate in the respective families but only
17 of them were promptly recognized as a possible
symptom of BHDS. In the remaining patients, BHDS
diagnosis was on average delayed for 9.3 years and four
3



Figure 1. Time between first symptom and BHDS diagnosis.
Shown is the often considerable delay between the occurrence of the first major symptom and the diagnosis of BHDS. BHDS,

Birt-Hogg-Dub�e syndrome; RCC, renal cell cancer; SP, spontaneous pneumothorax; FF, fibrofolliculoma; triangle, female; square, male.
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of these patients developed metachronous RCC during
this delay. Such missed opportunities endanger both
the index patient and the family members because years
are lost in which a preventive tumor screening could
have been implemented. This is especially worrisome
because routine tumor staging before or after removal
of RCC usually includes lung scans, which should have
led to the discovery of typical lung bullae that are pres-
ent in most adult BHDS patients. Interpreted correctly
as a symptom of BHDS, such findings would have
prompted regular surveillance which in two of our
patients would have enabled earlier detection of later
occurring metachronous RCC. Furthermore, the main
age at which RCCs occurred in our sample was
55.1 years, therefore most of the patients were of an age
at which many of them should have already developed
fibrofolliculoma of face and neck. This means, diagno-
sis was missed in the majority of RCC patients although
they were probably presenting with all three major
Figure 2. Recruitment of BHDS patients.
Schematic overview demonstrating the recent increase in numb

in the Munich interdisciplinary BHDS outpatient clinic. BHDS, Birt-Ho
BHDS symptoms. It is also worth to mention that three
of the female patients in which RCC was initially
missed as a sign of BHDS developed their tumor before
age 50 years, one of them even before age 30 years. Early
onset RCC has a high probability for a genetic origin
and should therefore prompt an extensive search for an
underlying familiar tumor syndrome. Reasons for these
missed opportunities could be a low level of awareness
of BHDS and a lack of knowledge of its typical manifes-
tations. Most of our patients that were diagnosed with
BHDS shortly after detection of RCC, received their
diagnosis within the last five years. In this time span
several publications about BHDS appeared in mem-
bership magazines of different German professional
medical organizations and might have helped to
increase awareness of BHDS.23,24 This is also sup-
ported by the observation that the numbers of
patients attending our outpatient clinic increased
from an average of 4.4 patients/year between 2005
ers of new patients seeking treatment and genetic counselling
gg-Dub�e syndrome.
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and 2017 to 35.0 patients/year between 2018 and
2020. Without repeated lockdowns due to COVID-19
pandemic, the increase would have probably been
even more pronounced (Figure 2).

The patients’ chances to be timely diagnosed with
BHDS were small for all major symptoms, and female
patients were significantly less often diagnosed after the
occurrence of the first symptom compared to male
patients. The gender differences were mainly caused by
RCC that as a first symptom was less likely to prompt
diagnosis in females compared to males. This is espe-
cially striking, since RCC appears almost twice as often
in males than in females.25 According to the Carter
rule, RCC in females is therefore more likely to be of
genetic origin.26 The observed gender differences could
have different reasons. Several studies have shown that,
for different reasons, women tend to be underdiagnosed
with respect to many medical conditions. Men on aver-
age are examined and treated more extensively than
women presenting with the same condition.27−29 Gen-
der bias should therefore also be considered as a possi-
ble explanation for the disparity in timely diagnosis of
BHDS between female and male RCC patients.

The delay in establishing the correct diagnosis was
most pronounced, without significant gender differen-
ces, when patients developed fibrofolliculoma or sponta-
neous pneumothorax as a first symptom (average delay
17.1 and 18.1 years, respectively). Regarding fibrofollicu-
loma, the considerable delay can, at least in part, proba-
bly be explained by the fact that patients might not be
too worried about the skin lesions as long as they are
low in number. Furthermore, correct classification of
these skin tumors can be difficult to establish without
biopsy. However, spontaneous pneumothorax, which
occurs in about 43% of patients,2 is a serious health com-
plication. In our patients, it nevertheless often failed to
prompt a thorough search for the underlying medical
condition, despite the fact that approximately 10% of
spontaneous pneumothorax are caused by BHDS.30

It is interesting that relatives diagnosed with BHDS
rather than the patient’s own symptoms were the most
frequent reason for FLCN testing in our sample. This is
most likely explained by the structure of our interdisci-
plinary outpatient clinic in which all attending patients
are offered genetic counseling including extensive pedi-
gree analysis. Family members at risk are identified and
the patients receive recommendations how to inform
these relatives about their possibilities of genetic
counseling and testing. Many relatives at risk obviously
decide in favor of genetic testing after learning about
the inherited condition in their family. This had a posi-
tive effect on timely diagnosis of RCC that were found
in nine family members within two years of establishing
BHDS diagnosis in the families. Six of these patients were
alerted to the need of FLCN testing and check-ups because
BHDS had been diagnosed in a family member, who in
turn informed relatives at risk. All of these RCC patients
www.thelancet.com Vol 51 September, 2022
had favorite outcomes as most tumors were detected at a
rather early stage, could be removed by partial nephrec-
tomy and none of those patients needed kidney removal or
had signs of metastasis.4

The present study has several limitations. It is practi-
cally impossible to collect a completely unbiased sam-
ple, especially if dealing with a syndrome that is likely
to be still grossly underdiagnosed. We like to think that
our sample is as unbiased as possible because patients
attending our outpatient clinic are coming from many
different sources, i.e. self-referral after ‘Google diag-
nosis’, family members of index patients, referrals from
dermatologists, nephrologists, oncologists, and pulmo-
nologists. Furthermore, the relatively small number of
patients included did not allow us to analyze the sample
according to ethnicity or to perform multivariate analy-
sis because the patient numbers in the subgroups
became too small to perform any meaningful statistical
analysis. Given the rarity of the disorder, one probably
would need to perform a metaanalysis to overcome this
problem. Nevertheless, a trend towards delayed diagnosis
is also obvious in BHDS samples reported by other groups,
often demonstrated by a mean patient age well after the
average age of symptom onset. These studies also under-
line the importance of FLCN testing for timely diagnosis
in patients presenting with typical symptoms.31−35

Overall, it is important to continue creating aware-
ness of orphan tumor syndromes and recognize gender
biases in diagnostic work-up. This will be especially ben-
eficial for patients with complex genetic tumor syn-
dromes such as BHDS that can present with apparently
unrelated symptoms and require interdisciplinary
approaches. Timely diagnosis and continuous surveil-
lance are crucial for BHDS patients because of their
high risk for RCC.
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