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Birt-Hogg-Dubé (BHD) syndrome is a rare hereditary genodermatosis associated with a mutation in 
the folliculin (FLCN) gene. Diagnostic criteria for this disease were first established in 2009; however, 
researchers have recently come across new germline mutations and resulting phenotypes. This review 
reassessed current guidelines by taking into consideration the incomplete forms of the syndrome as 
patients may have clinical features of BHD without a FLCN gene mutation. Individuals who share any 
characteristics of the syndrome should be screened for BHD since patient outcomes depend heavily 
on early detection.

ABSTRACT

Introduction

Birt-Hogg-Dubé (BHD) syndrome (OMIM #135150) is a 

rare autosomal dominant genodermatosis affecting multiple 

organs, including the skin, lungs, and kidneys. Patients typi-

cally present in early adulthood with dermatological lesions, 

spontaneous pneumothoraces, and bilateral multifocal chro-

mophobe renal cancer. BHD has an estimated 2 cases per 

million, with an equal prevalence in males and females and 

a varied life expectancy depending on the severity of pre-

sentations (i.e., malignancy). For this reason, early diagnosis 

and genetic screening is critical. In 2009, official diagnostic 

criteria were established; however, new pathogenic variants 

and germline mutations have been described since then. Al-

though previous criteria required individuals to have at least 

five fibrofolliculomas or trichodiscomas with histological 
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confirmation, this may no longer be the case. Thus, atypical 

manifestations of BHD require physicians to expand their 

knowledge of a previously well-defined syndrome.

Pathogenesis

BHD is associated with frameshift, nonsense, or splice 

site mutations in the highly conserved tumor suppres-

sor gene folliculin (FLCN) on chromosome 17p11.2,  

which plays a critical role in regulating the rapamycin com-

plex 1 (mTORC1) signaling pathway and activity of tran-

scription factor B (TFEB) [1]. When FLCN is mutated, there 

is enhanced mTORC1 signaling and constitutional activa-

tion and nuclear localization of TFEB, leading to renal cys-

togenesis [2].

The latest research has shown that other novel muta-

tions may be co-segregated with the FLCN gene. A paper 

by Schmidt et al. discussed a germline PRDM10 pathogenic 

variant found on the same codon as a family that report-

edly had similar BHD phenotypes and a significant history 

of lipomas but that did not have the FLCN gene mutation. 

Researchers concluded that PRDM10 may be co-segregated 

with the clinical phenotype of this family, and BHD patients 

with cutaneous and renal manifestations who do not have 

FLCN mutation should be screened for PRDM10 germline 

variants, especially if lipomas are present [3].

Similarly, a study published by Zong et al. described a 

Chinese family with BHD syndrome that had a known his-

tory of spontaneous pneumothorax and pulmonary cysts; 

however, the family had a different novel frameshift muta-

tion of FLCN (c.912delT/p.E305KfsX18), which had not 

been reported previously [4]. The absence of cutaneous le-

sions, which was previously required for diagnosis, may rep-

resent an incomplete form of BHD.

Scientists are still searching for a correlation between 

exhibited phenotype and FLCN genetic variation. Limited 

studies show FLCN mutations in exons 9 or 11 are linked 

to an increased presence of lung cysts or fewer renal tumors, 

respectively. Some races also have genetic variability in the 

FLCN mutation. Although Chinese BHD patients are more 

likely to have the exon 1 deletion, the data are sparse on 

how this affects specific BHD phenotypes seen in this subset 

population [5].

Clinical Manifestations

Fibrofolliculomas and trichodiscomas are the most common 

cutaneous manifestations of BHD. These lesions are ham-

artomas of the follicular mantle and perifollicular tissue, 

respectively. Clinically, they are described as asymptomatic 

flesh-colored, smooth papules and typically appear on the 

scalp, face, and neck (Figure 1). Acrochordons are also asso-

ciated with BHD and can be found anywhere on the body, 

but they favor high friction areas such as the neck, axilla, 

and groin [6]. Physicians should also be aware of other in-

herited syndromes that present with facial papules to ensure 

proper diagnosis and disease management (Figure 2).

Other Manifestations and Complications

Systemic involvement related to BHD primarily affects the 

pulmonary and renal systems, leading to either an increase 

in recurrent spontaneous pneumothorax or the development 

of renal cysts and growths [7]. Genetic studies have linked 

the FLCN gene to familial pneumothorax (frequency up to 

80%), with some mutations resulting in a lung-only pheno-

type [8,9]. Up to 65% of patients without a family history 

of pneumothorax experience a pneumothorax as their initial 

presentation. This should prompt additional workup and 

Figure 1. Flesh-colored domed shaped papule on the lower left eyelid 

consistent with fibrofolliculoma.

Figure 2. Inherited disorders that are associated with multiple facial papules or papulonodules.
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further genetic testing, since other conditions, e.g., lymphan-

gioleiomyomatosis (LAM) and pulmonary Langerhans cell 

histiocytosis (PLCH), can present with identical manifesta-

tions [10].

People with BHD are estimated to have a 50-fold in-

creased risk of pneumothorax compared to the general pop-

ulation [11]. Pneumothorax can be fatal depending on the 

severity of lung collapse and pathophysiology. Minor pneu-

mothorax may not require treatment as it will likely improve 

under careful observation if supplemental oxygen is deemed 

unnecessary. Severe pneumothorax is managed with either 

needle aspiration or insertion of a chest tube. While lung in-

volvement does not usually result in respiratory impairment, 

BHD is one of the most important causes of cystic lung dis-

ease and associated malignancy (i.e., lung adenocarcinoma 

and atypical adenomatous hyperplasia) [11].

Renal tumors with mixed histological types develop in 

12–34% of people affected by BHD, making it a common 

clinical manifestation [12]. It has been estimated that 50% of 

renal tumors are hybrid oncocytic tumors that contain histo-

logical features of renal oncocytoma and chromophobe renal 

carcinoma. Oncocytomas are benign neoplasms that arise 

from the proximal renal tubule and infrequently become ma-

lignant [13]. Comparably, chromophobe renal carcinomas 

are tumors that progresses from the intercalated cells of the 

distal tubules and have a 3–10% chance of metastasis [14]. 

Clear cell renal cell carcinoma is another renal neoplasm 

commonly seen [5]. Certain renal cancers are curative with 

surgery, but early diagnosis and treatment are critical, since 

renal cell carcinoma is associated with poor outcomes [15].

A few rare instances have been reported of uncommon 

patient clinical presentation that eventually led to a diagno-

sis of BHD. In one recent case report, a 38-year-old male 

with a history of bronchial asthma and COVID-19 presented 

with multiple 2–4 mm white firm papular lesions on the tho-

rax, which biopsy confirmed to be a fibrofolliculoma [16]. 

Upon further investigation of the patient’s family history, 

one maternal aunt had spontaneous pneumothoraces, and 

his maternal grandmother had had recurrent adrenal car-

cinomas [16]. Given these findings, he was worked up for 

BHD and found to have a confirmed genetic diagnosis of 

BHD. This case further emphasizes the importance of phy-

sicians being aware of BHD and how including it on the list 

of differentials can significantly improve patient outcomes in 

the long term. Similarly, a 64-year-old female with history of 

hypertensive emergency and a rapidly enlarging neck mass 

was discovered to have an FLCN genetic mutation after her 

initial workup for follicular thyroid cancer and paragangli-

oma [17]. The patient later received a colonoscopy, which 

confirmed the presence of stage 1 colon cancer [17]. Prior to 

her BHD diagnosis, she had no underlying familial or per-

sonal manifestations of this genetic disorder.

Colon polyps, breast cancer, and other lesions, including 

angiofibromas, rhabdomyomas, oral papules, and thyroid 

gland tumors, have also been reported in families with BHD 

[18]. Medullary thyroid carcinoma was found in six of the 

nine original BHD syndrome patients [19]. A case report by 

Dong et al. described a rare primary clear cell carcinoma of 

the thyroid in an individual with BHD [19]. The presence 

of these specific tumors should indicate further investigation 

of BHD in patients with no other explanations, but further 

research studies are required to definitively prove these asso-

ciations with the syndrome [20].

Management of Patients with BHD and Similar 
Phenotypes

The management approach for patients with BHD should 

include a system-based analysis that involves early diagnosis 

of the disease, treatment of renal tumors, and prevention/

treatment of pneumothorax. Family members should also be 

screened for organs that are commonly prevalent in BHD 

(i.e., pulmonary cysts and renal tumors). For renal involve-

ment, initial imaging with either magnetic resonance imaging 

(MRI) or computed tomography (CT) should be performed 

starting at the age of 20, with repeat imaging every three 

to four years.9 Patients are recommended to follow up with 

their primary care physician every three to five years for pre-

ventative purposes. The latest research suggests that those 

with BHD may have an early onset of colorectal cancer and 

should be screened at least 10 years earlier than the average 

population [21].

The main management of associated pulmonary involve-

ment from BHD includes preventing and treating pneumo-

thorax. After a primary spontaneous pneumothorax, mixed 

evidence shows that periodic chest CTs or pulmonary func-

tion tests are useful [9]. Additional management includes 

educating patients on pneumothorax symptoms (shortness 

of breath, sharp chest pain, etc.), since 25% of patients will 

have experienced one of them before the age of 25 [21]. 

Individuals with severe cystic lung disease and poor lung 

function should undergo recurring pulmonary function tests. 

Although strict data have yet to be published on the correla-

tion between smoking and the risk of pneumothorax with 

BHD, patients should also be educated on the importance 

of smoking cessation to preserve lung health. They are also 

encouraged to obtain the annual influenza vaccine and pneu-

mococcal vaccination.

Because BHD-associated skin findings are relatively be-

nign, there is limited management recommendation. How-

ever, cases of melanoma have been reported in patients 

with BHD, with specific studies showing that those with 

the syndrome have a 10% increased risk of melanoma in 

comparison to the general population (2.1%). It has been 

hypothesized that the mutation of FLCN activates adenosine 
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3.	 Incomplete forms of this disease may appear as the pres-

ence of medullary thyroid carcinoma, parotid-gland on-

cocytoma, tonsillar carcinoma, parathyroid adenoma, 

rhabdomyoma, and BHD germline mutation [25].

Additionally, although Hornstein-Knickenberg syn-

drome was historically considered a different disease, it is 

now being classified as the same syndrome as BHD [26]. 

Both syndromes are autosomal dominant and have the same 

clinical features, i.e., lung, kidney, colon, and endocrine in-

volvement and skin lesions commonly located on the head, 

neck, and trunk. The only difference between them is the 

histological features of trichodiscomas and fibrofolliculomas 

in comparison with perifollicular fibromas. Fibrofolliculo-

mas contain epithelial cells with components comprised of 

collagen, fibrocytes, and vessels (Figure 3). Trichodiscomas 

are similar but do not have as much epithelial involvement 

and are more likely to have prominent sebaceous lobules. 

Perifollicular fibromas show hair follicles with concentric 

proliferation of collagen fibers around a fibrous sheath. 

The histological characteristics often overlap with fibrofol-

liculomas, making it difficult to distinguish between them  

(Figure 4) [27]. Researchers consider Hornstein-Knickenberg  

syndrome and BHD as the same entity, since many believe 

that fibrofolliculomas and perifollicular fibromas are in-

distinguishable. The only difference in syndromes was that 

doctors Hornstein and Knickenberg did not mention any ex-

tracutaneous cancer propensities seen with their previously 

described syndrome [4]. There needs to be updated diagnos-

tic criteria taking this new establishment into consideration.

Differential Diagnosis

Fibrofolliculomas, trichodiscomas, and perifollicular fibro-

mas can also be associated with other hereditary conditions, 

including tuberous sclerosis and familial multiple discoid 

fibromas (FMDF). Tuberous sclerosis is an autosomal domi-

nant disorder due to mutations in the genes TSC1 and TSC2. 

Patients can have various cutaneous findings including hy-

pomelanotic macules, Shagreen patches, and angiofibromas 

/perifollicular fibromas, which are characterized as 

skin-colored papules that can occur in BHD, although they 

monophosphate protein kinase, leading to increased mela-

nocyte proliferation and tumor formation [22].For aesthetic 

reasons and psychological benefits, benign lesions can be re-

moved using various surgical procedures i.e., cosmetic exci-

sion, debulking, and laser treatments [22].

Electrocautery, shave removal, dermabrasion, and top-

ical rapamycin are considered additional therapies. In a 

recent report by Patel et al., a 55-year-old male with a his-

tory of known BHD had his fibrofolliculomas treated with 

non-fractionated ablative CO2 laser. The authors reported 

a 92% decrease in the lesion count on the patient’s face 

and ears at the 1-month follow-up. The lesion count de-

creased from 256 lesions to 21 after the final treatment [23]. 

Non-fractioned ablative classic mode (3 mJ) was used for the 

first round of treatment. At follow-up, the patient expressed 

partial satisfaction with his results and required a second 

round using a more intense non-fractioned laser (6 mJ), fol-

lowed by a non-fractioned class mode (3 mJ). Although there 

was minimal recurrence reported at the patient’s 6-month 

follow-up appointment, there was no procedural side effect. 

The patient noticed a significant improvement in texture and 

appearance [23].

Patients with incomplete forms of BHD may elect to have 

their facial papules and nodules removed for aesthetic rea-

sons, as mentioned above. Those with the FLCN gene mu-

tation and either a family history or past medical history of 

associated BHD complications should be screened using the 

same guidelines as those with BHD syndrome.

Re-Established Diagnostic Criteria

In 2009, Menko et al. published official diagnostic criteria 

for BHD that include the following: (i) At least five fibrofol-

liculomas or trichodiscomas, at least one of which must be 

histologically confirmed, and/or [24] (ii) pathogenic FLCN 

germline mutation on gene testing (although having a neg-

ative FLCN gene does not exclude one from the disease), 

and/or (iii) other criteria, including multiple lung cysts, renal 

cancer before age 50, multifocal or bilateral renal cancer or 

mixed chromophobe and oncocytic renal tumors detected on 

histology, and a first-degree relative with BHD syndrome [4].

The original diagnostic criteria do not include incom-

plete forms of BHD and therefore should be re-established 

to include controversial entities that researchers still classify 

as BHD syndrome.

1.	 At least five fibrofolliculomas, trichodiscomas, perifol-

licular fibromas, and at least one must be histologically 

confirmed, and/or

2.	 History of multiple lung cysts, spontaneous pneumotho-

rax, renal cancer before age 50, multifocal or bilateral 

renal cancer, or mixed chromophobe and oncocytic de-

tected on histology AND FLCN germline mutation.
Figure 3. Fibrous pink orb containing a central follicle surrounded 

by epithelial cells.
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Figure 4. Epithelial strands inserted within connective tissue sheaths, 

which is consistent with fibrofolliculomas. Also present are hair fol-

licles encompassed by dense connective tissue indicating the presence 

of perifollicular fibromas. (Granted permission by M. Shvartsbeyn)

trichodiscomas, some researchers believe this association is 

strong enough to be classified in the same category as these 

two lesions [26].

Familial multiple discoid fibromas (FMDF) is another 

genodermatosis that shares similar skin findings with BHD, 

and patients of both can present with multiple trichodisco-

mas. However, FMDF differs from BHD syndrome due to 

the absence of the FLCN gene locus mutation and compli-

cations commonly associated with BHD (renal and pulmo-

nary effects) [29]. In a study published by Van de Beek et al., 

genome-wide linkage analysis identified rare variants in the 

haplotype surrounding FNIP1 on chromosome 5, including 

a missense variant in the PDGFRB gene that was found to 

be present in all tested patients with FMDF [30]. Similarly, 

other differential diagnoses to consider include Cowden syn-

drome and Brooke-Spiegler syndrome based on clinical fea-

tures that resemble BHD (Table 1) [31,32].

When to Consider Screening for Birt-Hogg-Dubé 
Syndrome

Due to the increased risk of malignancies and mortality later 

in life, clinicians should have a low threshold to test for BHD 

early. Dermatologists should consider ordering genetic testing 

for patients that present with cutaneous findings consistent 

with fibrofolliculomas, trichodiscomas, or perifollicular fibro-

mas and who have certain systemic features (i.e., recurrent 

pneumothorax or mixed histological renal tumors). Individu-

als with a known diagnosis should also be counseled to avoid 

smoking, have regularly scheduled imaging performed, and 

be routinely monitored for manifestations that pose great risk 

such as renal carcinoma and spontaneous pneumothorax.

Table 1. Differential Diagnoses to Consider for Birt-Hogg-Dubé Syndrome.

Condition
Common Genetic 

Mutation
Mode of 

Inheritance Age at Onset Clinical Features

Birt-Hogg-Dubé 
Syndrome 

FLCN Autosomal 
dominant

Adulthood Fibrofolliculomas, trichodiscomas, 
perifollicular fibromas, spontaneous 
pneumothorax, lung cysts, renal cell 
carcinoma

Tuberous Sclerosis 
Complex

TSC1, TSC2 Autosomal 
dominant

Infancy Angiofibromas, retinal hamartomas, 
rhabdomyomas, periungual fibromas, 
shagreen patch, liver and kidney 
angiomyolipomas, periungual fibromas

Familial Multiple 
Discoid Fibromas

FNIP1 Autosomal 
dominant

Childhood, 
adolescence, or 
adulthood

Multiple trichodiscomas, not 
commonly associated with systemic 
organ manifestations or malignancy

Cowden Syndrome PTEN Autosomal 
dominant

Early adulthood Hamartomas, melanoma, 
trichilemmomas, breast cancer, 
endometrial cancer, colorectal cancer, 
developmental delay

Brooke-Spiegler 
syndrome

CYLD Autosomal 
dominant

Adolescence or 
early adulthood

Spiradenomas, trichoepitheliomas, and 
cylindromas

are not officially included in the diagnostic criteria [28]. A 

recent case report of four patients with BHD discussed the 

presence of perifollicular fibromas-like lesions that appeared 

adjacent to fibrofolliculomas or showed identical histo-

pathologic findings as fibrofolliculomas and trichodiscomas 

[26]. However, perifollicular fibromas lack the mantle that is 

commonly associated with fibrofolliculomas. Although peri-

follicular fibromas are not identical to fibrofolliculomas and 
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Summary and Reappraisal

Although the diagnostic criteria for BHD were established 

in 2009, new clinical studies and reports have shed light on 

the discovery of incomplete forms of BHD that do not meet 

these standards. This review proposes that new updated 

BHD criteria should include the presence of perifollicular 

fibromas, lipomas, and tumors such as parotid gland onco-

cytoma, medullary thyroid carcinoma, and rhabdomyoma. 

Those who do not have the FLCN germline mutation should 

be screened for PRDM10 since it has been proven to be 

co-segregated with the FLCN gene. Similarly, if a patient has 

a family history of BHD phenotypes (i.e., pulmonary cysts), 

even if they do not have any associated cutaneous manifesta-

tions, we recommend that they be genetically tested for po-

tential novel variants. New data emphasize the importance 

of having a low clinical threshold to screen for BHD, even 

if patients do not have “classic” symptoms or phenotypes. 

Likewise, these atypical individuals should have the same 

routine screening and management as those with BHD.
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