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Abstract In addition to the associated cutaneous and
pulmonary manifestations, individuals with the Birt-Hogg-
Dubé (BHD) syndrome have an increased risk of developing
kidney cancer, which is often bilateral and multifocal. The
risk of developing a renal tumor in this population does not
decrease with age and therefore warrants a lifelong screen-
ing approach. We recommend abdominal imaging every
36 months in individuals without renal lesions at initial
screening. Once renal tumors are identified, they should be
followed with interval imaging studies until the largest
tumor reaches 3 cm in maximal diameter, at which point
nephron-sparing surgery should be ideally pursued. While
the histology of renal tumors can vary in the BHD syndrome,
most tumors possess a relatively indolent natural history and
do not require adjuvant therapy if resected when localized to
the kidney. With this approach, the vast majority of patients
will achieve a curative oncologic outcome and avoid the
medical sequelae of chronic renal insufficiency that could
otherwise result from total nephrectomy.
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Introduction

Originally described in 1977, the Birt-Hogg-Dubé (BHD)
syndrome is an autosomal dominant genodermatosis
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manifested by the development of benign cutaneous
lesions, particularly fibrofolliculomas (FF) [1]. Affected
individuals are also at risk of developing pulmonary cysts
with associated spontaneous pneumothoraces, benign renal
cysts, renal cell carcinoma (RCC), and other less common
findings (lipomas, parathyroid adenomas, parotid gland
tumors, and colonic polyps/tumors) [2-5]. At the National
Cancer Institute (NCI), we have been evaluating patients
affected with BHD for almost two decades and have
developed the following algorithm for the diagnosis and
management of BHD-associated kidney cancer.

The mutated gene for BHD, FLCN, was localized and
subsequently identified by performing genetic linkage
analysis in BHD families [6, 7]. This gene is now known to
encode the protein folliculin (FLCN), which acts as a
tumor suppressor and has been shown to interact with the
mTOR and AMPK signaling pathways (Fig. 1) [7, 8].
While not all patients with confirmed BHD syndrome will
develop RCC, our experience suggests that the risk does
not decrease with advancing age and thus, lifelong
screening is recommended. Herein, we will review our
clinical approach to these patients with a particular focus
on BHD-associated RCC, including imaging characteris-
tics, surgical strategies, histologic features, and outcome
trends.

Presentation and management

The majority of patients with a germline FLCN mutation
have dermatologic manifestations and 90 % of families
with confirmed BHD syndrome were found to have histo-
logically confirmed cutaneous FF [9]. Other dermatologic
lesions that are commonly associated with BHD syndrome
include angiofibromas, trichodiscomas, and perifollicular

@ Springer



398

L. Stamatakis et al.

a Growth factor
m—* e

\ - nutrient
‘ /sensing

energy
&

Translational Control

b m Growth factor
!“'-.

LD
7 //’ / oo
ST ST
i
<>

Translational Control

Fig. 1 a The product of the BHD gene (FLCN) forms a complex with
FNIP1 and FNIP2, which bind the energy/nutrient sensing complex,
AMPK [19, 20]. b When FLCN is deficient, such as in a BHD-
associated kidney tumor, mMTORCI and mTORC?2 are activated [21]
Adapted from Linehan et al. [22]
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fibromas. The presence of FF should prompt genetic testing
to establish the diagnosis. Of note, a minority of BHD
patients will not have the typical cutaneous manifestations,
but continue to carry the risk of development of RCC and
pneumothoraces. At least one BHD kindred in our patient
cohort without cutaneous manifestations revealed 3
patients with RCC and 8 patients with pulmonary cysts
[10]. Clinicians should thus be aware that the presence of
chromophobe/oncocytic renal neoplasms, especially if
bilateral or multifocal, should prompt evaluation for the
presence of BHD syndrome, even if dermatologic lesions
are absent. Likewise, BHD should be included on the dif-
ferential diagnosis of pulmonary cystic disease.

Once the diagnosis of BHD syndrome is established,
serial baseline chest and abdominal imaging should be
initiated. Computerized tomography (CT) of the chest will
identify cysts within the lung or occult pneumothoraces.
Abdominal CT or magnetic resonance imaging (MRI) with
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intravenous contrast provide the best anatomic detail of the
kidneys and allow for characterization of any cystic or solid
renal lesions (Fig. 2). Ultrasonography has been suggested
as a modality for screening or surveillance of BHD-asso-
ciated renal lesions. Our experience suggests that ultraso-
nography can often miss BHD-associated lesions, likely due
to the similar echogenicity of hybrid oncocytic and chro-
mophobe tumors to the surrounding renal parenchyma.
Because of these findings, we do not routinely use renal
ultrasound for surveillance of BHD-associated renal lesions
and we do not recommend it as a screening modality for the
routine detection of renal tumors in patients affected with
BHD. In our experience, approximately one-third of BHD
patients we have screened were found to have renal tumors
on initial abdominal imaging [9]. For our patients without
renal lesions on initial imaging, we recommend renal
imaging every 36 months for surveillance.

Those individuals who are found to have renal lesions
are closely followed as long as the dominant lesion is less
than 3 cm in diameter. While unifocal lesions are not
uncommon, renal lesions in BHD patients tend to be
bilateral and multifocal (Fig. 2c). In our series published in
2005, 27.4 % of the screened individuals were identified to
have renal tumors, of which 65 % had multifocal disease.
Mixed lesions with both solid and cystic components can
be seen. The longest diameter of each renal lesion, as well
as an estimation of the percentage of the solid component
in a mixed lesion, should be determined.

Our approach for management depends on the lesion
size, location, growth rate, number of tumors, and the
patient’s general condition (i.e. age, comorbidities, previ-
ous surgeries, etc.). In general, surgical resection is rec-
ommended once a solid lesion (or solid portion in a mixed
lesion) exceeds the 3 cm threshold. Each kidney is con-
sidered individually; surgical management is recom-
mended only on the kidney with a dominant tumor
exceeding the 3 cm diameter threshold. Although the
choice of surgical approach is dependent on the experience
and preference of the operating surgeon, in patients with
bilateral tumors greater than 3 cm, we most often perform
staged surgical procedures in two separate settings. If
radical nephrectomy is required on one side and partial
nephrectomy on the other side, we most often recommend
performing the partial nephrectomy first. Once this kidney
has functionally recovered from the partial nephrectomy
and the patient has appropriately convalesced, we recom-
mend proceeding with radical nephrectomy on the contra-
lateral unit.

Preoperative pulmonary assessment is recommended
and excessive positive pressure ventilation should be
avoided intraoperatively to avoid rupture of a pulmonary
cyst, which could result in an associated tension pneumo-
thorax. Nephron-sparing surgery, which offers the best



Diagnosis and management

399

Fig. 2 Several examples of diagnostic abdominal imaging demon-
strating BHD-associated renal masses. a CT abdomen with intrave-
nous contrast demonstrating a 2.8 cm solid lesion in the lateral
mid-pole of the left kidney. b MRI abdomen with intravenous contrast

chance at renal preservation without comprising oncologic
outcomes, is most often recommended (Fig. 3) [11]. Partial
nephrectomy can be performed through either an open or
laparoscopic approach, the latter of which can be per-
formed with or without the assistance of a surgical robot.
Minimally invasive partial nephrectomy has been shown to
result in decreased intraoperative blood loss and robotic
assistance can be helpful during the renorrhaphy because of
the increased dexterity afforded by the robotic arms com-
pared to pure laparoscopy [12]. The choice of surgical
approach is based on preoperative assessment of surgical
complexity and the surgeon’s experience, without com-
promising the tenets of an oncological operation. A mini-
mally invasive approach should not be prioritized over
cancer control. In addition, referral to a center of excel-
lence for partial nephrectomy is preferable to total
nephrectomy in these patients given their hereditary pro-
pensity for developing numerous tumors in a lifetime.

demonstrating a 6.3 cm solid lesion in the anterior aspect of the left
kidney. ¢ CT abdomen with intravenous contrast depicting bilateral
multifocal renal masses, the largest measuring 6.5 cm in largest
diameter

Once surgery is recommended, our surgical procedure
involves removal of all detectable lesions; patients affected
with BHD are at risk for the development of many tumors
in each kidney. While the shortcomings of ex vivo ultra-
sonography for the clinical identification and surveillance
of BHD renal lesions have been mentioned, we do rec-
ommend the utilization of real-time intraoperative renal
ultrasound during partial nephrectomy to help detect small
endophytic tumors that would otherwise be unidentifiable
by gross visual inspection or palpation [10]. Ipsilateral
lymph node dissection is not routinely performed, unless
lymphadenopathy is detected by pre-operative imaging or
intraoperative inspection. Regional lymphadenctomy may
also be performed if the primary tumor is large (>4 cm) or
preoperative biopsy (if performed) suggests a high-grade
clear cell RCC. Most often, BHD renal tumors are enu-
cleated or resected with a very small margin of normal
tissue in order to preserve the maximum volume of

Fig. 3 44 year-old male with BHD and a history of bilateral renal
masses, for which he underwent staged bilateral partial nephrectomy
in 2011. a Preoperative CT of the abdomen demonstrating a 7.5 cm
mass (red arrow) and a 3.2 cm mass (green arrow) in the right

kidney, as well as several smaller masses elsewhere (not shown).
b CT of the abdomen after right partial nephrectomy showing
successful resection of both previously-identified masses
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unaffected renal parenchyma and future renal function.
However, if a high-grade clear cell RCC is detected, a
wider surgical margin may be advisable.

We do not generally recommend ablative therapies, such
as cryotherapy or radiofrequency ablation (RFA), to heal-
thy patients with BHD-associated renal tumors who are
appropriate candidates for surgery. While these modalities
may be suitable for patients with unifocal renal lesions,
particularly if medically unfit for surgery, BHD patients
often have multifocal lesions that often require an exten-
sive surgical procedure to remove all of the detectable
kidney tumors. Moreover, in patients who have new tumor
development or recurrence in the future, previous ablation
can significantly complicate subsequent surgical endeavors
and lead to higher rates of perioperative complications and
total nephrectomy [13, 14]. Furthermore, it is well docu-
mented that post-ablation imaging can be challenging to
interpret and imaging characteristics in this setting have
not been well validated at this time [15]. Consequently,
since BHD patients are at lifelong risk for the development
of new tumors, our experience suggests that previous RFA
or cryotherapy can complicate both the long term evalua-
tion and if needed, subsequent surgical management of this
patient population. Nevertheless, cryotherapy or RFA may
be an option for BHD patients who are elderly or who are
not surgical candidates because of other morbidities.

Gross and microscopic pathology

In BHD patients who underwent surgery at the NCI, a
median of 5 tumors were removed (range 1-22 tumors)
[10]. The histology of renal tumors from patients with BHD
is quite heterogeneous. The largest histologic subtype is the
so-called “hybrid oncocytic tumor,” which demonstrates
elements of both oncocytoma and chromophobe RCC
(Fig. 4). Other histologies (listed in decreasing order of
incidence) including chromophobe RCC, clear-cell RCC,

a v e ]

Fig. 4 Histologic examples of a BHD-associated hybrid oncocytic
tumor. a Low power view of a hybrid nodule showing good
circumscription and demarcation from the adjacent normal
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oncocytoma, and papillary RCC can also be seen. In the
adjacent renal parenchyma, scattered areas of renal onco-
cytosis (poorly circumscribed lesions consisting of abnor-
mal cells with eosinophilic cytoplasm and large nuclei with
stippled heterochromatin) are often identified [16]. These
findings suggests that the entire renal parenchyma is at risk
for the development of a future renal tumor.

Clear-cell RCC tends to exhibit a more aggressive
phenotype than the other renal tumor histologies seen in the
BHD syndrome. Molecular analysis of clear-cell tumors
from BHD-affected individuals demonstrated loss of the
short arm of chromosome 3 and mutations in the VHL gene
in the second allele, which is the classic genetic change
seen in clear-cell RCC [16]. How mutations in the BHD
gene confer an increased risk to the development clear-cell
RCC remains under investigation.

Outcomes

The majority of patients with BHD-associated RCC have
an excellent prognosis if managed with nephron-sparing
surgery once the dominant tumor reaches 3 cm. With this
approach, most individuals will only require a single
intervention on a renal unit during their lifetime, which is
consistent with the overall indolent nature of BHD-asso-
ciated RCC. In our experience, we have had only a few
patients who have progressed to metastatic disease. Two of
these patients were found to have clear-cell RCC on
pathology, which tends to be more aggressive than the
more common hybrid-oncoctyic and chromophobe histol-
ogies in this patient population. Moreover, the tumors were
both locally advanced (both 8 cm in diameter) at initial
presentation, which is beyond the recommended size for
surgical removal [10].

A critical clinical issue in these individuals is the mor-
bidity associated with surgery, particularly the risk of
chronic renal insufficiency. The vast majority of BHD
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parenchyma (hematoxylin and eosin stain, x100). b High power
view of oncocytic cells with eosinophilic cytoplasm and clear cells
(hematoxylin and eosin stain, x200)
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Table 1 Birt-Hogg-Dube—common clinical manifestations and

indications for genetic screening

Manifestations
Cutaneous fibrofolliculoma
Pulmonary cysts
Spontaneous pneumothorax
Renal tumors
Hybrid oncocytic RCC
Chromophobe RCC
Clear Cell RCC
Oncocytoma
Indications for consideration of FLCN germline mutation analysis
Multiple cutaneous fibrofolliculoma
Family history of cutaneous fibrofolliculoma

Personal or family history of pulmonary cysts/spontaneous
pneumothorax

Presence of hybrid oncocytic RCC
Presence of multiple chromophobe RCC

patients can be managed with nephron-sparing surgery,
which should have little detriment to overall renal function.
Clinicians who are not comfortable performing partial
nephrectomy on patients with such complicated tumor
anatomy may consider referral to a tertiary institution with
experience in complex partial nephrectomy. Radical
nephrectomy should be reserved only for cases where
partial nephrectomy would result in an inferior oncologic
outcome or a non-functioning kidney remnant.

Screening recommendations and conclusions

Patients affected with Birt-Hogg-Dubé are at risk for the
development of FF, pulmonary cysts, and kidney tumors.
Patients suspected of being affected with BHD, such as
those with FF, pulmonary cysts or certain types of renal
tumors (most notably, hybrid-oncocytic RCC) are recom-
mended to undergo FLCN germline mutation testing
(Table 1). In our experience, FLCN germline mutation
testing is positive in over 96 % of BHD families [17, 18].
The youngest patient with BHD in whom we have detected
kidney cancer was 24 years of age. As such, we currently
recommend genetic testing starting at age 21. At-risk
individuals who undergo certain activities that could
heighten the risk of spontaneous pneumothoraces (i.e.
scuba diving) may want to consider genetic testing at an
earlier age. Individuals we evaluate who are affected with
or at risk for BHD undergo a dermatologic evaluation and a
chest CT and an abdominal MRI or CT examination. BHD
patients have a lifelong risk of developing RCC and
abdominal imaging is recommended at least every
36 months. We prefer MRI because of the high resolution

images obtained without subjecting patients to the cumu-
lative radiation exposure of serial CT imaging. We do not
recommend subsequent dermatology consultation unless
there is a question about the diagnosis or for cosmetic/
symptomatic treatment. After the initial screening, we do
not recommend periodic chest imaging (CT or MRI) in our
asymptomatic patients without pneumothorax. We also do
not recommend routine pulmonary medicine or thoracic
surgery consultation unless the patient is symptomatic or
has a pneumothorax. Although BHD-associated RCC tends
to be indolent, it can progress to metastatic disease if not
managed appropriately. The interval for follow-up
abdominal imaging in patients found to have renal masses
smaller than 3 cm is dependent on the location and growth
rate of the tumors and is determined by the urologic sur-
geon managing the patient. Recommendations for surgical
intervention depend on the size and location of the tumor
and its associated growth rate; surgical intervention is
recommended once the largest tumor reaches 3 cm in
diameter. BHD-associated tumors are most often amenable
to nephron-sparing surgery, which can help prevent chronic
renal insufficiency in this patient population.
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