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Abstract

Background Birt-Hogg-Dube (BHD) syndrome is a rare genetic condition associated with the development of
renal tumors. This study aims to determine typical age ranges for detecting renal abnormalities, risk factors for tumor
development, and long-term outcomes based on current surveillance strategies.

Methods A single-center multi-site retrospective cohort study was performed on all patients with BHD diagnosed
from 2000 to 2023. Baseline demographics, pulmonary function, laboratory, radiologic, and histopathologic findings
were collected. Logistic regression was used to assess predictor variables for the development of renal tumors with
survival analysis evaluated from the date of BHD diagnosis to date of death or last known follow-up.

Results The study included 149 patients with BHD, 39 (26%) with diagnosed renal tumors, of which 28 had
histopathologic confirmation. Mean age at renal tumor detection was 53.61 years. Older age and male sex were
predictive of renal tumor development ((odds ratio 1.05; 95% Cl, 1.01-1.08, P=0.002) and (odds ratio 2.59; 95% Cl,
1.17-5.73, P=0.02), respectively). Time to all-cause mortality appeared shorter in those with renal tumors (Log-rank
P=0.02), though no deaths were from cancer or cancer-related complications.

Conclusions Current screening protocols for renal tumors in BHD suggest the most common presenting age range
for presentation is late 40s to early 50s, with older age and male sex as risk factors for tumor development.
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Background

Birt-Hogg-Dube’(BHD) syndrome is a rare autosomal
dominant disease caused by germline mutations in the
folliculin (FLCN) gene on chromosome 17 [1]. Common
clinical manifestations include pulmonary cysts [2], der-
mal fibrofolliculomas [3], and renal tumors [4]. Multiple
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chromophobe renal cell carcinoma and hybrid onco-
cytic tumor are the most common renal tumor subtypes
in BHD and a leading cause of morbidity [5]. However,
there is limited understanding of specific risk factors for
the development of renal tumors in BHD and recommen-
dations for surveillance or follow-up.

Experts have previously suggested screening for renal
tumors at the age of 20 with annual abdominal mag-
netic resonance imaging (MRI) scans [6]. Prior recom-
mendations have suggested imaging every three years
in those with initially normal findings [7], while a most
recent guideline suggested imaging every 1-2 years [8].
Detected renal tumors smaller than 3 centimeters may

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation
or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://

creativecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12882-024-03775-9&domain=pdf&date_stamp=2024-10-1

Kijlertsuphasri et al. BMC Nephrology (2024) 25:329

be followed, while surgical excision is recommended for
those larger than 3 centimeters [6, 7]. Few studies have
specifically reviewed the screening or diagnosis of renal
tumors in BHD [5, 6], with current practices primarily
adapted from those used in other hereditary renal cell
carcinomas [9].

Our study aims to assess in a real-world BHD popula-
tion common ages for renal tumor presentation at base-
line or on surveillance imaging, risk factors for their
development, and optimal strategies for follow-up or
monitoring in those with initially normal imaging or
smaller unresected tumors.

Methods

Study design

Institutional review board approval was completed
before study initiation (Mayo Clinic IRB 23-012463). The
study design is a retrospective cohort involving patients
seen and followed at all Mayo Clinic sites (Minnesota,
Florida, and Arizona) between 2000 and 2023 with BHD
syndrome. A computer-assisted search of the electronic
medical record (EMR) was performed using related ICD9
and ICD-10-CM diagnosis codes for other specified con-
genital malformation syndromes’ and ‘Birt Hogg Dube’ as
a text search in clinical notes and test reports. Individual
patient records were reviewed for BHD diagnosis accord-
ing to diagnostic criteria presented by Menko et al. [6]
This included patients with one major or two minor cri-
teria as below:

Major criteria

+ At least five fibrofolliculomas or trichodiscomas,
with one histologically confirmed, of adult onset.
+ Pathogenic FLCN germline mutation.

Minor criteria

« Multiple lung cysts: bilateral basally located lung
cysts with no other apparent cause, with or without
spontaneous primary pneumothorax.

+ Renal cancer: early onset (<50 years) or multifocal
or bilateral renal cancer, or renal cancer of mixed
chromophobe and oncocytic histology.

+ A first-degree relative with BHD.

Data collection

Baseline demographics, radiologic, and laboratory find-
ings were collected from the EMR for each included case.
Age at BHD diagnosis and the first detection of renal
abnormalities on imaging, sex, smoking history, FLCN
gene mutation status, renal function, and urinalysis in
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those with tumor diagnosis, the first occurrence of BHD-
related clinical signs or symptoms, and presence of der-
matologic, pulmonary cystic, and pneumothorax were
collated. Collated lung function included percent pre-
dicted forced vital capacity (FVC%), forced expiratory
volume in the first second (FEV1%), and diffusion capac-
ity for carbon monoxide (DLCO%). Data regarding renal
tumors included initial and longitudinal changes in size
on imaging, histopathology, staging, directed treatments,
and long-term outcomes. Lung cysts were confirmed and
followed with chest computed tomography (CT); derma-
tological findings were confirmed on dermal biopsy as
fibrofolliculoma or trichodiscoma, and renal tumors were
detected or identified with either abdominal CT or mag-
netic resonance imaging (MRI).

Data analysis

Continuous data with normal distributions were pre-
sented as mean and standard deviation (SD). Categori-
cal data were presented as frequencies and percentages.
Baseline characteristics among patients with or without
renal tumors were compared using t-test for continuous
variables and Chi-square or Fisher’s exact test for cate-
gorical variables. Predictor variables for the development
of renal malignancy were assessed using univariable and
multivariable logistic regression, adjusted for a priori
covariables of age at BHD diagnosis, sex, and smoking
history. Odds ratios (OR) or point estimates were pro-
vided with 95% confidence intervals. Survival analysis
was assessed from the date of BHD diagnosis to the date
of death or last known follow-up using Log-rank with
Kaplan-Meier, stratified by the presence of renal malig-
nancy. Two-tailed P values<0.05 were considered statis-
tically significant. All statistical analysis was completed
with BlueSky Statistics software v. 10.3 (BlueSky Statistics
LLC, Chicago, IL, USA).

Results

Study screening and enrollment are presented in Fig. 1.
A search of the EMR from January 2000 to October 2023
using ICD code Q87.89 (‘other congenital malformation
syndromes’) and search term ‘birt hogg dube’ identified
189 potential cases. Individual records were reviewed,
with 149 meeting one major or two minor diagnostic cri-
teria for BHD syndrome [6].

Baseline characteristics in patients with (#=39) and
without renal tumor (#=110) are presented in Table 1.
Those with renal tumor were older at the time of BHD
diagnosis (56 vs. 46.7, P=0.002), male (64% vs. 41%,
P=0.01), had greater smoking history (44% vs. 24%,
P=0.02), lower FEV1% at presentation (82.7% vs. 93.8%,
P=0.02), and increased dermatological findings (46% vs.
27%, P=0.04). Incidental renal tumors seen on imag-
ing as a first clinical sign of BHD occurred in 20 of 39
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189 patients screened
using computer-assisted
search of EMR

v

40 patients excluded for not
meeting BHD diagnostic criteria

149 patients meeting
diagnostic criteria for
BHD

39 patients with renal
tumor

Fig. 1 Study screening and inclusion. BHD =Birt-Hogg-Dube”

patients (51%), while fibrofolliculoma (62%), pneumotho-
rax (32%), and family history (32%) were common initial
clinical findings in those without subsequent tumor. As
initial tumor findings on imaging often pre-dated formal
BHD diagnosis, mean age at tumor detection was 53.6
years. Forty-five unique tumors were diagnosed among
39 patients (10 patients had more than one tumor per
kidney), with a median size of 2 cm (range 0.5 to 12 cm)
at first radiologic detection. Microscopic hematuria was
observed in four patients (21% of tested patients) at the
time of tumor diagnosis.

Characteristics, staging, and management of renal can-
cer in 28 patients with pathologically confirmed disease
are presented in Table 2. Among these, 16 patients were
found to have renal tumors larger than 3 cm, six less than
3 cm, and six without data on tumor size at the time of
resection. Twenty-six had urological procedures at the
time of initial radiologic presentation. Only two had renal
tumors measuring initially 0.5 centimeters and 3 cen-
timeters, followed for 4 and 2 years, respectively. They
were later measured at 1.8 centimeters and 4 centimeters,

110 patients without
renal tumor

respectively. One was followed with a yearly MRI noting
renal tumor size increase ranging between 0.1 and 0.3
centimeters per year.

Clear-cell renal cell carcinoma was the most common
histopathologic subtype (54%) on biopsy or resection. Of
these 15 cases, ten were tested for FLCN gene mutation
and positive in all ten, with the remainder diagnosed with
BHD by clinical criteria. Three patients had other histol-
ogy including papillary cell carcinoma, low-grade BHD-
associated renal cell neoplasm, and mucinous tubular and
spindle cell carcinoma. Stage 1 (pT1NanyMO) cancer was
present in the majority (79%) at diagnosis. Nephrectomy
was the most common treatment approach (79%). One
patient, who initially underwent partial nephrectomy
for papillary cell-type renal cell carcinoma experienced
recurrence at the same site and required additional surgi-
cal resection, radiation, and pazopanib-targeted therapy.
Another patient was diagnosed with oncocytoma on
biopsy and is being followed with annual imaging. All
remaining treated patients are currently undergoing fol-
low-up imaging with no signs of tumor recurrence.
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Table 1 Baseline characteristics
BHD with renal tumor BHD without renal tumor P-value
(n=39) (n=110)
Age at diagnosis of BHD, mean (SD) 56.0 (% 15.2) 46.7 (£ 15.9) 0.002
Age at diagnosis of renal tumor, mean (SD) 53.6 (+12.8) - -
Sex

Male, % 25 (64%) 45 (41%) 0.01
Smoking

Active/prior, % 17 (44%) 25 (24%) 0.02

Pack-year, mean (SD) 11 (£19) 3(x9) 0.001
Pulmonary function tests at time of BHD diagnosis

FVC%, mean (SD) 89.6 (+18.2) 970 (+154) 0.12

FEV19%, mean (SD) 82.7 (+19.9) 93.8 (+13.6) 0.02

DLCO%, mean (SD) 83.6(+18.2) 90.5 (+17.4) 0.20
FLCN gene mutation, %

FLCN positive 277(90%) 98- +(95%) 038
Positive family history of renal cancer, % 7 (18%) 27 (26%) 051
Presence of dermatological findings, % 18 (46%) 29 (27%) 0.04
Presence of lung cyst, % 23 (59%) 74 (69%) 032
Presence of pneumothorax, % 19 (83%) 44 (57%) 0.03
Occurrence of first sign or symptom, %

Lung cysts 1(2.6%) 12 (11%) 0.11

Pneumothorax 7 (18%) 35 (32%) 0.09

Fibrofolliculoma, Trichodiscoma 18 (38%) 29 (62%) 0.04

Occurrence of renal tumor 23 (59%) - -

Incidental finding of renal tumor 20 -
Others
Hematuria 2 -
UuTl 1
Family history of FLCN gene abnormality 0 (0%) 35 (32%) -
Others
Parotid mass 0 (0%) 1(0.9%) -
Urinalysis at diagnosis of renal tumor (N=19)

Microscopic hematuria, % 4 (21%) - -
Creatinine at diagnosis of renal tumor, mean (SD) 0.92 (+0.19) - -
Imaging modality for detecting initial renal tumor

Abdominal Computed Tomography 25 (64%) -

Abdominal Magnetic Resonance Imaging 14 (36%) -

Tumor size at initial radiologic detection (N=45), cm (median, (range)) 2(0.5-12)

1: Assessed in 30 cases., ".": Assessed in 104 cases

BHD=Birt-Hogg-Dube’, SD=standard deviation, BMI=Body mass index, FVC=Forced vital capacity, FEV1=Forced expiratory volume in the first second,
DLCO=diffusing capacity of the lungs for carbon monoxide, FLCN=Folliculin gene, UTI=Urinary tract infection

Eleven of the 39 BHD patients with renal tumors had
lesions still measuring less than 3 centimeters and are
currently under surveillance. The shortest duration of fol-
low-up was one year, with the longest being 24 years. The
maximum growth rate of renal tumors among this group
was 0.23 centimeters per year.

Univariable and multivariable logistic regression mod-
els assessing risk factors for the development of renal
tumors are presented in Table 3. Age at BHD diagno-
sis (OR 1.04 (1.01-1.07), P=0.003), male sex (OR 2.58
(1.21-5.50), P=0.01), smoking history (OR 2.6 (1.19-
5.63), P=0.02), presence of fibrofolliculomas (OR 2.33
(1.09-4.99), P=0.03), presence of pneumothorax (OR
3.56 (1.10-11.46), P=0.03), and lower baseline %FEV1

(OR 0.95 (0.91-1.0), P=0.02) were predictive of renal
tumor development on univariable analysis. After adjust-
ment for a priori covariables (age at BHD diagnosis, sex,
and smoking history), only age and male sex were predic-
tive (OR 1.05 (1.01-1.08, P=0.002) and 2.59 (1.17-5.73,
P=0.02), respectively).

Kaplan-Meier survival analysis is presented in Fig. 2,
stratified by the presence of renal tumor. Log-rank testing
suggested decreased time to all-cause mortality in those
with renal tumors (P=0.02). There were five observed
deaths in the tumor group, none of whom died from doc-
umented renal cancer, and two in the non-tumor group.
Causes of death included pneumonia, acute respiratory
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Table 2 Histopathology, staging, and treatment of BHD with renal malignancy

BHD with renal cancer

(n=28)

Age at diagnosis 53.57 (£ 11.98)
Method of surveillance

CT abdomen 19 (73.08%)

MRI abdomen 7 (26.92%)
FLCN gene mutation 18 (64.3%)
Smoking history 11 (39.29%)
Loss follow up 3(10.71%)
Median size cancer at diagnosis 285 (% 1.75)
Skin manifestation

Fibrofolliculoma, Trichodiscoma 14 (50%)
Lung manifestation

Lung cysts 19 (67.86%)

Pneumothorax 15 (78.95%)
Pathology, N (%)

Clear-cell RCC 15 (54%)

Oncocytic/hybrid neoplasm or chromophobe RCC 9 (32%)

Others 3(11%)

Indeterminate 1 (3%)

TNM stage (pathological), N (%)

pT1NanyMO 22 (79%)

pT2NanyMO 3(11%)

pT3NanyMO 1(3.6%)

pT4NanyMO 1(3.6%)

pT unknown 1 (3.6%)

Treatment, N (%)

Nephrectomy 22 (79%)
Radical nephrectomy 21 (95.45%)
Partial nephrectomy 1 (4.55%)

Cryoablation 4 (14%)

Other 2 (7%)

BHD=Birt-Hogg-Dube’, RCC=Renal cell carcinoma

failure, acute renal failure, and septic shock in four, and
was unspecified in the remainder.

Most patients with renal tumors in our cohort were
diagnosed with BHD after tumors were already present
on radiologic assessment. This was often the initial radio-
logic abnormality prompting workup leading to BHD
diagnosis. Only two patients in our cohort were diag-
nosed with BHD before the development of renal tumors.
Patient 1 was diagnosed with BHD in April of 2012 at the
age of 55. An initial screening MRI conducted in August
of 2016 was unremarkable. A second MRI in November
of 2019, a little over three years later, detected a renal
mass measuring 3.5 centimeters. Nephrectomy was pur-
sued and confirmed clear cell renal cell carcinoma on his-
topathology. Patient 2 was diagnosed with BHD in June
of 2018 at the age of 47. After initial annual MRI screen-
ing studies, a renal tumor was identified on abdominal
CT approximately two and a half years later, in December
2020, measuring 1.5 centimeters. MRI of the abdomen in
April of 2020, eight months earlier, revealed no abnor-
malities. A Follow-up MRI in October of 2022 showed an

increase to 1.8 centimeters, with the patient continuing
observation based on the last available follow-up.

Discussion

Birt-Hogg-Dubé syndrome is a rare autosomal dominant
disorder that predisposes affected individuals to develop-
ing renal tumors at higher rates than the general popu-
lation. Our study of 149 patients with BHD assessed the
timing of BHD diagnoses and renal tumors, baseline
predictors of tumor development, and long-term out-
comes. We found most patients in our cohort were not
diagnosed with BHD at the time of renal tumor detec-
tion, with 51% having renal tumors as a first clinical pre-
sentation related to BHD. BHD diagnosis also occurred
at a later age in these patients (56 vs. 46 years) compared
to those without presenting renal tumors. Median radio-
logic tumor size at first detection was 2 cm (range 0.5 to
12 c¢m), with clear cell renal carcinoma being the most
common histopathological subtype. Independent risk
factors for the development of renal tumors were older
age and male sex, with shorter time to all-cause mortality
for those with renal findings.
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Table 3 Unadjusted and adjusted logistic regression model assessing risk of renal tumor development in patients with BHD

Variable Univariable 95% Cl P-value Multivariable 95% Cl P-value
OR OR
Age at BHD diagnosis 1.04 1.01,1.07 0.003 1.05 1.01,1.08 0.002
1 reference 1 reference

Sex
Male 2.58 1.21,5.50 0.01 2.59 117,573 0.02
Female 1 reference 1 reference

Smoking
Positive 2.60 1.19,5.63 0.02 2.03 0.90, 4.60 0.09
Negative 1 Reference 1 reference

FLCN gene mutation
Positive 0.46 0.10,2.04 0.31 043 0.84,2.23 032
Negative 1 reference 1 reference

Family history renal cancer
Positive 0.65 0.26,1.65 0.36 0.79 0.29,2.15 0.64
Negative 1 reference 1 reference

Presence of dermatological findings
Positive 2.33 1.09,4.99 0.03 2.30 1.01,5.11 0.05
Negative 1 reference 1 reference

Presence of lung cysts
Positive 0.64 0.30,1.37 0.15 0.68 0.30,1.52 0.35
Negative 1 reference 1 Reference

Presence of pneumothorax
Positive 3.56 1.10,11.46 0.03 3.15 0.92,10.77 0.07
Negative 1 Reference Reference

Pulmonary function at time of BHD diagnosis
FVC% 0.97 0.94,1.01 0.12 097 0.94,1.01 0.21
FEV1% 0.95 091,10 0.02 0.95 0.91,1.00 0.07
DLCO% 0.98 0.94,1.01 0.19 1.0 0.96,1.04 0.86

Cl=confidence interval, BHD=Birt-Hogg- Dube’, FLCN=folliculin, %FVC=forced vital capacity,

%FEV1="forced expiratory volume in first second, %DLCO=diffusion capacity for carbon monoxide

Prior studies have broadly reviewed renal tumor asso-
ciation and clinical presentation in BHD. Schmidt and
colleagues assessed 219 individuals (110 females and
109 males) from 53 families and found 38 (17%, repre-
senting 24 BHD-affected families) diagnosed with renal
tumors [10]. Males developed renal tumors more often
than females (27 males vs. 11 females) with a median
age of 48 years (range 31-71 years) at tumor diagnosis.
Zbar and colleagues reported the odds of developing
renal tumors as 7.3 times higher in patients with BHD
than in unaffected individuals [11]. Age was associated
with the development of renal tumors (P=0.005), noting
11.9% of patients older than 40 were diagnosed with renal
tumors as compared to 2.3% of those younger than 40.
Males were marginally twice as likely to develop tumors
compared to females (P=0.06). Toro et al. reviewed 50
families with BHD and found 34% of individuals and
49% of families were diagnosed with renal tumors [12].
A seven-fold increase in the development of renal tumors
was noted compared to unaffected individuals. Interest-
ingly, men and women in their study had similar rates of
renal tumor development with similarly varied radiologic
presentations (bilateral, multifocal, or unilateral renal

abnormalities). While we did not assess affected indi-
viduals as family cohorts, we found 26% of affected indi-
viduals in our cohort were diagnosed with renal tumors
and at a slightly older age (53.6 years). Diagnosis of BHD
appeared delayed in that setting, compared to those with-
out renal abnormalities, despite similar presenting clini-
cal characteristics.

We found age to be a significant predictor of renal
tumor development, consistent with previous work
highlighting age at onset anywhere between 45 and 55
in patients with BHD [13]. The youngest age at renal
tumor diagnosis was 32 in our cohort, with the young-
est reported in the literature at fourteen [14]. Our old-
est patient was 82, consistent with Benusiglio et al. [15]
who reported an incidental renal tumor in an 83-year-
old. Current recommendations for surveillance suggest
starting at the age of 20 [6] or 21 [5], though given the
wide age range and often later tumor presentation, sur-
veillance may need to continue through the fifth or sixth
decade. Houweling et al. suggest a 16—20% risk of devel-
oping renal cancer in patients with BHD by the age of
70 [16]. Lastly, age at BHD diagnosis in our cohort was
older (56 compared to 46.7) for those with renal tumor at
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Fig. 2 Kaplan-Meier survival analysis stratified by presence of renal tumor (Log rank P=0.02)

presentation. This suggests other clinical findings leading
to suspicion of BHD (skin or pulmonary findings) are not
well-recognized or occur later than in those with initial
or subsequent tumor findings. Predominant initial clini-
cal findings in the non-renal tumor group were lung cysts
and skin manifestations, accounting for 47% and 21% of
patients, respectively. Incidental renal abnormalities as
a first sign of BHD occurred in 20 of 39 patients with
renal tumors in our cohort. Toro et al. described 25% of
patients presenting with fibrofolliculomas, pneumotho-
races, and renal tumors at BHD diagnosis, while only 2%
presented with renal tumors but no other clinical find-
ings [12]. These variations may reflect the diverse skin,
lung, and renal abnormalities seen both among individ-
uals and within families affected by BHD, a well-recog-
nized feature of the disorder.

Male sex is a known predictor of renal tumor devel-
opment in non-BHD disease, with greater risk in men
among the general population [17]. A prior systematic
review of renal cell carcinoma found males were at higher
risk of developing severe kidney cancer with worse out-
comes. Although various genetic and molecular markers
have been studied, the underlying biological mechanisms
are still not fully understood [17]. The renal tumor group
within our BHD cohort had a higher proportion of males
(64%) with an OR of 2.68 for the development of renal
tumors. This finding aligns with those of Pavlovich [18]
and Benusiglio [15], who report a male predominance for

renal tumors in patients with BHD. However, this con-
trasts with other BHD cohort studies reporting no sex
predilection for renal tumors [13, 16].

An important aspect in the management of BHD is
delineating an optimal interval for follow-up imaging in
patients without initial renal abnormalities. As risk of
tumor development is greater compared to unaffected
individuals, timely detection and resection of smaller dis-
ease may be ‘nephron-sparing’ and minimize loss of renal
function [19]. However, we observed only two cases in
our cohort with renal tumors detected after BHD diagno-
sis, at two and seven years, respectively. Peak growth rate
for renal tumors during the follow-up period was 0.23
centimeters per year. A prior study recommended imag-
ing every three years in patients with normal radiologic
findings at presentation, particularly younger patients [5].
The largest study to date assessing 199 genetically con-
firmed patients with BHD followed up to a median of 4.2
years diagnosed 23 new cases of subsequent renal tumors
[13]. Abdominal CT was recommended as a relatively
sensitive and cost-effective approach to screening, with
83% of patients completing at least yearly screening in
the observation period. Unfortunately, regular monitor-
ing with CT may expose patients to unnecessary radia-
tion, making MRI a safer and lower-risk alternative.

Consistent with prior reports, most cases of BHD-
related renal tumors were detected at earlier stages in our
study [12]. We found only one patient with metastatic



Kijlertsuphasri et al. BMC Nephrology (2024) 25:329

disease after initial nephrectomy, undergoing resec-
tion, radiation, and immunotherapy. Houweling et al.
[16] found 5 of 14 patients presenting with initial meta-
static disease, while Benusiglio et al. [15] reported 4 of
33 patients with metastases, subsequently responsive
to treatment. We found no cancer-associated deaths,
however, others have described poorer prognosis in
those with metastases [16, 20]. One explanation for our
improved cancer-associated morbidity may be the imme-
diate resection of tumors at the time of first detection
(93%), including six with lesions less than 3 c¢cm. Con-
tinued surveillance after resection may be relevant for
detecting recurrence or occult metastases, though the
timing or duration of this is difficult to ascertain from our
findings or the current literature.

Our study has several limitations. First, data from a ret-
rospective multi-site academic center may not account
for differences in diagnostic approaches or management
strategies compared to other academic or community
practices, as highlighted by the earlier detection of renal
abnormalities on imaging but delayed BHD diagnosis
until tertiary referral, as seen in our study. A retrospec-
tive approach only accounts for association, but not cau-
sation of clinical findings, and with limited index cases,
adjustment for covariables is limited. Lastly, despite the
moderate sample size, a review of patients evaluated
over two decades may not account for changes in disease
screening or treatment that may impact long-term out-
comes or related comorbidities.

In summary, we identified a cohort of patients with
BHD highlighted by initial findings of renal tumors at
presentation and diagnosis, with age and sex as indepen-
dent predictors of tumor development. While cases of
both older and younger patients have been reported in
the literature, our findings are consistent with a median
age at presentation among patients with BHD in their
early to mid-50s. Current screening strategies, derived
from other inherited or spontaneous renal tumor dis-
eases, should account for this later presentation in BHD
balancing a longer period of surveillance with earlier-
stage detection and resection, the latter likely being a
primary driver of improved outcomes in those with renal
tumor development.
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