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ABSTRACT

Introduction: Birt-Hogg-Dubé syndrome and hereditary
paraganglioma-pheochromocytoma syndrome are rare genetic
cancer syndromes that predispose patients to renal neoplasia. We
report a case of a 25-year-old man with both Birt-Hogg-Dubé
syndrome and hereditary paraganglioma-pheochromocytoma
syndrome who presented with painless gross hematuria and
was found to have metastatic clear cell renal carcinoma.

Case Presentation: A previously healthy, 25-year-old man
presented to his outpatient primary care physician with painless
gross hematuria. Urinalysis results demonstrated hemoglobinuria,
and serum chemistry results demonstrated a creatinine level of
1.61 mg/dL (baseline of 0.96 mg/dL). A computed tomography scan
showed that the patient had a left renal mass, renal vein thrombosis
with inferior vena cava extension, and nodal and hepatic metas-
tasis. Biopsy specimens of the left renal mass and liver demon-
strated clear cell carcinoma. The patient underwent cytoreductive
nephrectomy, caval thrombectomy, and partial colectomy with
reanastomosis. He received palliative therapy with 1 mg/kg of
ipilimumab and 3 mg/kg of nivolumab for 4 cycles.

Conclusion: To our knowledge, this is the first known case report
to date documenting a patient with concurrent Birt-Hogg-Dubé
syndrome and hereditary paraganglioma-pheochromocytoma syn-
drome. This case demonstrates the exceptionally young presentation
of metastatic renal cell carcinoma with this genotype.

INTRODUCTION

Birt-Hogg-Dubé (BHD) syndrome is an autosomal
dominant genetic disease caused by mutations in the folli-
culin (FLCN) gene located at 17p11.2, which is characterized
by benign skin lesions of fibrofolliculomas, trichodiscomas,
and acrochordons presenting in the third decade of life."* The
most common manifestation of the disease is lung cysts,
followed by spontaneous pneumothorax and renal cell car-
cinoma (RCC).?

The most serious complication of BHD syndrome is the
increased risk of RCC. One study found that patients with
BHD syndrome have a 7-fold increased risk of developing
RCC.* Renal carcinomas in patients with this syndrome
have a variety of different histologic findings, but the most
commonly seen renal carcinomas are chromophobe and
oncocytic tumors.” In a study of histologic findings for
33 patients with RCC and BHD syndrome, 70% had
oncocytoma or chromophobe-oncocytoma; 3 patients (9%)
had clear cell carcinoma.®

https://doi.org/10.7812/TPP/19.193

Hereditary paraganglioma-pheochromocytoma syndrome
(HPPS) is a genetic disease caused by a mutation in the
succinate dehydrogenase gene and characterized by an
increased risk of paragangliomas, pheochromocytomas,
and clear cell renal carcinoma.” The diagnosis of HPPS is
established by a germline pathologic variant in succinate
dehydrogenase gene SDHB, SDHA, SDHAF2, SDHC, or
SDHD or in MYC-associated factor MAX or transmem-
brane protein 7MEMI127.” Mutations in the succinate de-
hydrogenase gene halt the citric acid cycle, which triggers
hypoxia pathways in cells leading to tumorigenesis.® This is
the reasoning behind the observation that HPPS genetic
mutations show greater phenotypic expression and decreased
mutation frequency in the population at higher altitudes.®
Another genetic feature of HPPS is that the mutation is
inherited in an autosomal dominant fashion that demon-
strates parent-of-origin effects, whereby inheriting the
pathologic gene mutation from the father leads to a greater
risk of manifesting the syndrome.” Manifestations include
pheochromocytomas, which present with symptoms of
excess catecholamines (e.g., high blood pressure, dia-
phoresis, and headache) or with mass effects.” Another
presentation of HPPS is symptoms of paragangliomas, which
arise from neuroendocrine tissues, commonly the adrenal
medulla.” Symptomatic paragangliomas also present with
symptoms of excess catecholamines, although most par-
agangliomas are nonsecretory.” Paragangliomas can also
manifest as mass effects, which can present in patients with
symptoms of nerve compression or with an enlarging mass.”

A subset of patients with HPPS, specifically those with
SDHB and SDHD mutations, are at increased risk of
RCC.? Patients with pathologic mutations in SDHB have a
lifetime risk of RCC of 4.7% compared with 1.7% in the
general population.’
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Figure 1. Computed tomography findings for a 25-year-old man. The red arrow
indicates a large heterogeneous mass arising from the left kidney replacing the left
renal parenchyma. The green arrow indicates an exophytic lesion arising from the
lower pole of the left kidney, which measures 8 cm. The gold arrow indicates
extensive thrombus within the left renal vein, which extends up to the intrahepatic
inferior vena cava. The yellow arrow indicates a rounded hepatic mass compatible
with metastasis measuring up to 3 cm.

CASE PRESENTATION
Presenting Concerns

A 25-year-old man with a history of asthma presented to
his primary care physician with painless gross hematuria. He
denied having flank pain, fever, chills, or weight loss. He did
not use anticoagulant medications or supplements and
reported no history of kidney disease. Urinalysis results
showed hemoglobinuria. His serum creatinine level was
1.61 mg/dL, with a baseline creatinine level of 0.96 mg/dL
6 months earlier. A computed tomography (CT) scan
showed that the patient had a left renal mass, renal vein
thrombosis with inferior vena cava extension, and nodal and
hepatic metastasis, as shown in Figure 1. Interestingly, this
patient did not have lung cysts, which are seen in ap-
proximately 85% of patients with BHD syndrome."'

The patient was admitted to the hospital for further
workup and placement of an inferior vena cava filter. Biopsy
specimens of the left renal mass and liver demonstrated clear
cell carcinoma, as shown in Figure 2. Transcription factor
TFE3 translocation testing yielded normal results. Pa-
thology staining of the renal biopsy specimen was positive
for carbonic anhydrase 9 (CAIX), paired box gene 8
(PAX8), and cytokine. Pathology staining of the liver bi-
opsy specimen was positive for PAXS8. Further imaging
consisted of CT scans of the chest, a bone scan, and brain

magnetic resonance imaging (MRI), all of which showed no
evidence of further metastatic disease.

Therapeutic Intervention and Treatment

The patient underwent cytoreductive nephrectomy, caval
thrombectomy, and partial colectomy with reanastomosis, and
he tolerated surgery without complications. He received 4
units of packed red blood cells intraoperatively. His hemo-
globin level remained stable throughout his hospital course.
He had episodes of hypotension in the first 2 days postop-
eratively, thought to be related to the epidural anesthesia.

Two days after discharge from the hospital, the patient
presented to the emergency department because of nightly
fevers to 40.0°C (104°F at home), a 7 of 10 rating of ab-
dominal pain, and ongoing watery diarrhea since the sur-
gery. A chest radiograph showed free air under the
diaphragm. A CT scan of the abdomen and pelvis dem-
onstrated free fluid with flecks of gas and linear peritoneal
enhancement, which was concerning for an infected ab-
scess. A percutaneous Jackson-Pratt drain was placed by an
interventional radiologist, and culture-driven intravenous
antibiotics were administered. Cultures yielded heavy
growth of Escherichia coli and moderate growth of En-
terococcus faecalis. Gram staining demonstrated many gram-
negative rods and gram-positive cocci. A blood culture was
positive for Bacteroides fragilis with gram-negative rods.

Follow-Up and Outcomes

The patient’s postsurgical course was complicated by
multiple emergency department visits because of fever,
abdominal pain, and left flank pain, which were caused by
recurrence of his intraabdominal abscess. He had inter-
mittent clogging of the Jackson-Pratt drain. On imaging,
the retroperitoneal abscess demonstrated fistulous con-
nection to the large bowel. Pain management was also an
issue with his postoperative course.

After the biopsy proved metastatic renal carcinoma, the
patient met with a genetic counselor and underwent genetic
testing for cancer syndromes. Testing was conducted with a
next-generation sequencing panel that simultaneously an-
alyzed 19 genes associated with increased risk of renal
cancer (Ambry Renal-Next; Ambry Genetics, Aliso Viejo,
CA). Pathogenic mutations were found in FLCN and
SDHB, specifically at ¢.1252delC and p.L87S, respectively.
No other known pathogenic mutations or variants of un-
certain significance were identified in any of the other genes
analyzed. This patient did not have other phenotypic
characteristics of BHD syndrome (skin lesions, pneumo-
thorax) or HPPS (paragangliomas or pheochromocytomas).
His family history was notable for a maternal uncle and
maternal grandmother with colon cancer at age 48 and
47 years, respectively, and for a maternal cousin with a history
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Figure 2. Pathology staining of biopsy specimens. (A) Hematoxylin and eosin stain, renal biopsy. (B) CAIX stain, renal biopsy. (C) KPAX8 stain, renal biopsy. (D)
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Hematoxylin and eosin stain, liver biopsy. Magnification = x10 in A and D; x4 in B and C.

of recurrent pneumothorax. It is possible that the SDHB
mutation is de novo or paternal in origin, because the father
has a granddaughter with congenital ganglioneuroblastoma.

The patient received palliative therapy with 1 mg/kg of
ipilimumab and 3 mg/kg of nivolumab for 4 cycles. This
patient reported mild gastrointestinal upset after ipilimu-
mab and nivolumab; however, he experienced no serious
adverse effects from this treatment. At the end of 4 cycles,
imaging showed progressive disease, so treatment was
discontinued. The patient then received everolimus for
3 weeks, but everolimus treatment was held when he was
admitted to the hospital for fever and ascites. He then
developed multiorgan failure requiring a ventilator and
blood pressure support. The patient later developed septic
shock caused by ventilator-associated pneumonia. He be-
came encephalopathic and had progressive multiorgan

failure. His code status was then changed to do not re-
suscitate, and he was transitioned to comfort care, during
which time the patient passed away with his family at the
bedside. A summary of this case is shown in Table 1. The
patient gave written informed consent for this case report.

DISCUSSION

This is the first case report, to our knowledge, doc-
umenting a patient presenting with concurrent BHD
syndrome and HPPS. The youngest reported symptomatic
presentation with renal cancer in BHD syndrome is in a
14-year-old girl who presented with a bulky abdominal
mass."”” One other patient previously was documented to
present with RCC at age 20 years."”” The average age at
presentation of BHD syndrome with RCC is 50.4 years."
Of note, the patient described in the current case presented
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with metastatic RCC at age 25 years, markedly younger
than average for BHD syndrome. This case is unusual
because he is the youngest patient reported with BHD
syndrome presenting with metastatic RCC. Both young
patients documented in the literature had no evidence of
local invasion or metastases.'*!® Previous literature has
shown that patients with a mutation in exon 11 in the form
of a C-deletion had fewer renal tumors than those who had
a C-insertion mutation."" Interestingly, this patient had a
C-deletion mutation in exon 11, specifically ¢.1252delC. A
prior report from researchers at the National Institutes of
Health stated that they had few cases that progressed to
metastatic disease, and 2 of those patients had clear cell
carcinoma histology, which has notoriously behaved more
aggressively than other histologies in BHD syndrome such
as chromophobe and oncocytic tumors."

The differential diagnosis of this patient’s tumor histology
was papillary RCC with cytoplasmic clearing, chromophobe
RCC, oncocytoma, epithelioid angiomyolipoma, or clear
cell carcinoma. A microphthalmia-associated transcription
factor translocation RCC was also considered, because this
type commonly presents in young persons.'® A microphthalmia-
associated transcription factor translocation was ruled out by
negative staining for transcription factor TFE16. This tu-
mor’s positive staining for CAIX suggested that it was less
likely to be chromophobe RCC, epithelioid angiomyoli-
poma, or papillary RCC, all of which stain negative for
CAIX.'®" This patient’s histologic diagnosis of clear cell
carcinoma was evident on hematoxylin and eosin staining,
as shown in Figure 2. Also, this patient’s metastatic tumors
were PAX8 and CAIX positive, suggesting metastatic clear
cell carcinoma. This patient’s pathologic diagnosis was
confirmed by a genitourinary pathologist.

Given that this patient’s mutation traditionally is less
likely to present with renal tumors, another process could
have contributed to this patient’s young presentation of
aggressive metastatic clear cell renal carcinoma. One
possible reason for the patient’s young presentation of
metastatic disease is the concurrent pathologic mutations
in both FLCN and SDHB, both of which predispose to
clear cell renal carcinoma. The gene responsible for BHD
syndrome may be related to oncogenesis of clear cell
carcinoma via loss of heterozygosity at chromosome 3p.5
Another possible mechanism is via the von Hippel-
Lindau disease gene, which was found to be mutated in
33% to 57% of patients with BHD syndrome, consistent
with the rate found in sporadic clear cell carcinoma.’
However, clear cell carcinoma is a rare histology in BHD
syndrome, only accounting for 9% of RCCs in a prior
study.® Because of this, it is likely that this patient’s RCC
is primarily caused by HPPS, with a possible contribution
by the FLCN gene of BHD syndrome. Notably, RCCina

patient with BHD syndrome at this young age should
prompt practitioners to consider genetic screening for
other cancer syndromes.

Although there are no strict guidelines, patients with
BHD syndrome are suggested to undergo renal ultra-
sonography and abdominal MRI at the time of diagnosis,
with yearly follow-up screening with renal ultrasonography.'®
A more sensitive option is a yearly MRI scan.” Addi-
tionally, patients with HPPS should have biennial body
MRI scans starting at age 6 to 8 years.” This patient’s
family members were advised to undergo genetic testing
to determine whether they should be followed up with
screening imaging.

CONCLUSION

This case demonstrates a rare presentation of concurrent
BHD syndrome and HPPS presenting as metastatic RCC.
'This case report is intended to provide education to prac-
titioners about 2 rare genetic cancer syndromes and the
indications for genetic screening and imaging for these
patients and their family members. %
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