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Abstract

Objective—Our primary goal was to examine the clinical characteristics of a series of patients
with urinary bladder paragangliomas (UBPGLS), focusing particularly on their genetic
backgrounds.

Materials and methods—We analyzed the medical records of patients who presented to the
National Institutes of Health with UBPGL from 2000 to 2013 to determine their clinical
characteristics and outcomes, biochemical phenotype, tumor size, and genetic background.

Results—Of the 27 patients with UBPGLSs who were identified, 17 (63%) had underlying
genetic mutations. Overall, 14 (51.9%) patients had a germline mutation in the succinate
dehydrogenase subunit B gene (SDHB), and 3 (11.1%) had in the von Hippel-Lindau gene (VHL).
Of the 21 patients who had biochemical data available before their first operation, 19 (90.5%)
presented with a noradrenergic biochemical phenotype; 7 (33.3%) patients had tumors that also
secreted dopamine. In addition, 1 patient (4.8%) had elevated metanephrine levels, and 2 (9.5%)
had normal biochemical data. In total, 13 (48.1%) patients in the series were diagnosed with
metastatic disease, at either first presentation or follow-up; 6 of these patients (46.1%) had SDHB
mutations.

Conclusions—UBPGLs typically present with a noradrenergic phenotype and are frequently
associated with underlying germline mutations. Patients presenting with these rare neuroendocrine
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tumors should be screened for these mutations. In addition, patients with UBPGLSs should be
followed up closely for metastatic development regardless of genetic background, as almost half
of the patients in this series presented with metastatic disease and less than half of them had SDHB

mutations.
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1. Introduction

Pheochromocytomas (PHEOSs) and paragangliomas (PGLs) are neuroendocrine tumors of
chromaffin cells in the adrenal medulla (for PHEOS) or sympathetic or parasympathetic
paraganglia (for PGLs). Extra-adrenal PGLs account for 15% to 20% of PHEO/PGLs and
may be located anywhere from the bladder to the base of the skull [1]. PHEOs/PGLs secrete,
synthesize, and metabolize catecholamines; measurement of catecholamines and their
metabolites, metanephrines, is important both for diagnosis and biochemical phenotype
determination. Secretory PHEOs/PGLSs can be adrenergic (predominantly epinephrine and
its metabolite metanephrine), noradrenergic (predominantly norepinephrine/
normetanephrine), or dopaminergic (predominantly dopamine and its newly discovered
metabolite methoxytyramine) [2]. PHEOs/PGLs can also be biochemically silent [3].

Approximately one-third of PHEOs/PGLs are associated with inherited mutations in 17
genes. The most important include the von Hippel-Lindau (VHL); rearranged during
transfection (RET); neurofibromatosis 1 (NF1); succinate dehydrogenase (SDH) subunits A,
B, C, and D; SDH complex assembly factor 2 (SDHAF2); transmembrane protein 127
(TMEM127); and myc-associated factor X (MAX) genes [4]. Of these, mutations in SDHB,
SDHC, and SDHD, which encode subunits of mitochondrial complex 1, are strongly
associated with the development of extra-adrenal PGLs [4-8]. SDH is involved in the Krebs
cycle, oxidative phosphorylation, and electron transport chain. Particular subunits are
strongly associated with certain PGL locations; for example, SDHD mutations are often
linked to head and neck PGLs, and SDHB-related tumors are commonly extra-adrenal [3—
5,7,8]. PHEOs/PGLs are also found in 10% to 20% of patients with VHL mutations [4].
Although PHEOs are more common in VHL, extra-adrenal PGLs have been identified,
including 1 reported case of a bladder tumor [9].

PGLs of the urinary bladder (UBPGLS) are rare, accounting for less than 6% of PGLs and
0.06% of bladder tumors [10]. UBPGLs often present with hypertension, hematuria,
postmicturition syncope, or other symptoms due to increased catecholamines (e.g.,
headaches, palpitations, blurred vision, flushing, and sweating). However, approximately
17% to 39% are biochemically silent [11,12]. Although there have been several reports on
UBPGLs, there has been no study focusing on their genetic characteristics. In the present
study, we aimed to describe carefully the clinical characteristics, biochemical phenotypes,
and genetic backgrounds of UBPGLs.
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2. Materials and methods

2.1. Subjects

2.2. Genetic

A retrospective medical record review of patients with PHEOs/PGLSs seen at the National
Institutes of Health (NIH) in Bethesda, Maryland, USA, from 2000 to 2013 was conducted.
Only those with pathologically confirmed UBPGL were included. Imaging, biochemical,
operative, and pathology reports were reviewed. Patients were imaged using a combination
of computed tomography (CT), magnetic resonance imaging (MRI), 123]-
metaiodobenzylguanidine (1231-MIBG) scintigraphy, octreotide (OCT) scans, and positron
emission tomography (PET) with 18F-fluorodeoxyglucose (FDG) and 18F-fluorodopamine
(FDA). Clinical presentations and patient outcomes were also recorded, including
metastases development, defined as the presence of disease in sites where chromaffin cells
are not normally present (e.g., lymph nodes, bones, liver, and lungs).

This study was approved by the Institutional Review Board of the Eunice Kennedy Shriver
National Institute of Child Health and Human Development at the NIH. Each patient gave
informed written consent upon enroliment in the study.

studies

Genomic DNA was extracted from whole blood samples for genetic testing of SDHB,
SDHC, SDHD, and VHL. Polymerase chain reaction—based bidirectional sequencing was
performed by Mayo Medical Laboratories, Rochester, MN, or by the Division of Molecular
Diagnostics, University of Pittsburgh Medical Center, as previously described [13]. Large
deletions were detected using multiplex ligation-dependent probe amplification and
Luminex Flex-Map Technologies [14]. None of the patients had clinical presentations
suggestive of RET or NF1 mutations. Testing for MAX, TMEM127, SDHA, and SDHAF2
genes was not performed.

2.3. Catecholamine and metanephrine assays

Plasma or urinary catecholamine and metanephrine levels were measured using standard
high-pressure liquid chromatography with electrochemical detection at the NIH or Mayo
Medical Laboratories, Rochester, MN. Forearm blood samples were drawn with patients in
supine position at least 20 minutes after an intravenous catheter was inserted, as previously
described [15].

2.4. Statistical analysis

3. Results

A statistical analysis of the metastatic rates in the SDHB and non-SDHB groups was done
using the Fisher exact test.

Of the 531 patients with PHEO/PGL seen at NIH, 27 were treated for UBPGL. Of them, 15
were women (55.6%) and 12 (44.4%) were men, with a mean age at initial diagnosis of 29.5
+ 14.7 years (range: 6-58 y). Overall, 24 (88.9%) patients initially presented with UBPGL.
The remaining 3 presented with UBPGL after previous resections of other primary PHEO or
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PGL. At UBPGL diagnosis, 19 (70.4%) patients were hypertensive, and 22 (81.5%)
presented with signs and symptoms of catecholamine excess. Detailed clinical profiles are
summarized in Table 1.

Most patients had elevated plasma/urine catecholamines/metanephrines. Of the 21 patients
with available preoperative biochemical data, 19 (90.5%) had elevated norepinephrine/
normetanephrine 7 (36.8%) had both elevated norepinephrine/normetanephrine and
dopamine/methoxytyramine, and 1 patient (5.3%) had elevated metanephrine levels in
addition to norepinephrine/normetanephrine and dopamine. There were 2 patients who
showed normal finding on biochemistry (Table 1).

Overall, 6 (22.2%) patients presented with metastases at diagnosis, and 6 patients (22.2%)
developed metastases later. There was 1 patient (patient 5) who presented with metastases at
the time of UBPGL diagnosis, 8 years after diagnosis with multiple PGLs. Therefore, 13
patients (48.1%) developed metastases. Additionally, 7 patients (25.9%) had multiple
primary lesions at the time of UBPGL diagnosis, and 2 (7.4%) were later diagnosed with
additional primary PGLs. Moreover, 3 (11.1%) patients had previous primary tumors, and 2
patients (7.4%) had recurrent UBPGLSs.

CT scan results were positive for UBPGL in 19 of 21 (90.5%) patients who underwent this
imaging modality, and 17 patients had MRI scanning in the area of the bladder; all 17
UBPGLs were visualized. Similarly, FDG-PET scans identified UBPGLs in all 7 patients
who underwent this technique. A total of 4 patients had FDA-PET scans—3 at first
presentation and 1 on presentation with a recurrent UBPGL; only 1 was positive. In
addition, 15 patients underwent 1231-MIBG scintigraphy; only 6 (40%) identified UBPGL.
Moreover, 4 patients underwent OCT; none had positive uptake in UBPGL. Representative
scan images of UBPGLs are shown in Fig. 1.

All patients except 1 (patient 27) underwent tumor resection with transurethral resection of
bladder tumor, partial cystectomy, or radical cystectomy. A representative image of a
resected tumor is shown in Fig. 2. Patients whose surgeries were performed at the NIH
underwent preoperative blockade with phenoxybenzamine, and, in most cases, metyrosine.
Surgical procedure information was available for 12 patients. Tumors were removed
successfully by transurethral resection of bladder tumor in 5 patients, partial cystectomy in
5, and radical cystectomy in 2. A robotic approach was successfully employed in 2 patients
who underwent partial cystectomy. Surgical management was largely dictated by the size
and location of the tumor. Surgical success was defined as the normalization of
catecholamine level or metanephrine level or both (in patients with a single tumor) and
absence of UBPGL on follow-up imaging.

Patient 27, who did not undergo surgical resection owing to widespread metastatic disease,
received chemotherapy with cyclophosphamide, vincristine, and dacarbazine (CVD). In
some patients, further treatment was done postoperatively for metastatic disease. This
included chemotherapy with CVD in 2 patients, sunitinib in 1 patient, and unspecified
agents in 1 patient; radioactive 131|-MIBG therapy in 2 patients; external beam radiation
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therapy for bone metastases in 2 patients; and radiofrequency ablation of osseous metastases
in 1 patient.

Overall, 14 patients (51.9%) had SDHB mutations (Table 2), 5 (35.7%) had a relative with
PHEO/PGL, and 3 patients (11.1%) had VHL mutations. Metastatic disease developed in 6
of the patients with SDHB mutations (42.8%), whereas none of patients with VHL mutations
had metastases. Additionally, 9 patients with SDHB mutations (64.2%) presented with
multiple tumors, with 6 (6/9, 66.7%) presenting with multiple concurrent tumors at first
presentation; 1 patient with VHL mutation (33.3%) had multiple tumors, though not
concurrently. Moreover, 4 patients with SDHB mutations (28.5%) presented with tumors
that secreted both norepinephrine/normetanephrine and dopamine/methoxytyramine; 1
(7.1%) had a biochemically silent tumor. Finally, 1 patient with VHL mutation (33.3%) also
had a biochemically silent UBPGL.

4. Discussion

SDHB mutations have previously been associated with extra-adrenal PGLs. In the present
study, for the first time, we show a high correlation between UBPGLs and SDHB mutations,
with 51.9% of patients diagnosed with an SDHB mutation, several in the absence of a family
history of PHEOs/PGLs. SDHB mutations are frequently found in the absence of a family
history, most likely owing to low penetrance [3,4]. The high rate of SDHB mutations in our
study suggests that all patients with UBPGLs should be tested for SDHB mutations. As 3
patients (11.1%) presented with VHL mutations, testing for VHL could be considered if
SDHB mutation analysis finding is negative or if clinical or family history is suggestive of
VHL disease.

SDOHB mutations are associated with a higher incidence of metastases [3]. In our series, the
rate of metastases was high for both SDHB and apparently sporadic tumors. This suggests
that the metastatic potential of UBPGLs may not be owing to the presence of SDHB
mutations but rather to their extra-adrenal location, which is another known independent
predictor of malignancy [15,16]. The difference between the rate of metastases in patients
with SDHB mutations and patients with no known genetic mutation was not statistically
significant (P = 0.24). Overall, the metastatic rate in our series (48.1%) is much higher than
that previously reported (10%-15%) [12,17]. Thus, our findings suggest that patients with
UBPGLs may be at a higher risk of developing metastases, regardless of genetic
background, and should undergo close clinical follow-up. However, none of the 3 patients
with VHL mutations developed metastatic disease, consistent with the known metastatic rate
of <5% for VHL PGLs [4].

In addition to the high rate of metastatic disease, almost half of the patients in this series had
multiple primary tumors. Both SDHB and VHL mutations, which were highly represented in
these patients, are known to predispose patients to the development of multiple PGLs [4].

Although metastatic disease rates were high regardless of SDHB status, genetic testing is a
crucial component of patient management. Although all patients with UBPGL should
undergo careful follow-up, the appropriate imaging technique can vary based on genetic
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background. Patients with SDHB mutations should be screened periodically with FDG-PET,
as this is the most sensitive technique for identifying lesions, particularly metastases, in this
population [18]. For patients without SDHB mutations, FDG-PET may not always be the
best choice for detecting additional primary or metastatic PGL [19,20]. Furthermore,
knowing a patient's genetic status can guide appropriate treatment strategies when
metastases are present. For example, CVD chemotherapy may be more effective in the
treatment of patients with SDHB mutations (unpublished observations). Future treatment
options may also become available that target specific cellular pathways, such as the Krebs
cycle, which will require knowledge of a patient's genetic status. In addition, by discovering
familial mutations, testing can be offered to relatives, leading to earlier identification and
screening of mutation carriers and better outcomes for at-risk relatives.

Most UBPGLSs reported in the literature present with symptoms such as paroxysmal
hypertension, palpitations, micturition syncope, and hematuria. Hypertension is one of the
most common symptoms, previously reported in 54.7% of patients with UBPGL [11].
Painless hematuria has also been reported frequently, in an estimated 33% to 60% of cases
[11,21-23]. In our study, 70.4% were hypertensive on diagnosis, but only 25.9% had
documented hematuria. Furthermore, 81.5% presented with symptoms of catecholamine
excess. In 40% of these patients, the symptoms were associated with urination, most likely
owing to catecholamine release by the tumor after contraction of the urinary bladder.

In addition to symptomatic presentations, functional UBPGLSs, estimated to represent 61% to
83% of UBPGLs, present with elevated catecholamine/metanephrine levels [11,12,24]. In
our study, 90.5% had elevated biochemistry. All had elevated norepinephrine/
normetanephrine level in the plasma/urine, consistent with previous reports of noradrenergic
phenotypes in UBPGLs. Only 1 patient with widespread metastatic disease had elevated
metanephrine. The high prevalence of noradrenergic phenotypes is most likely owing to a
lack of phenylethanolamine N-methyltransferase, the enzyme necessary for the conversion
of norepinephrine to epinephrine [2,22]. One-third of the UBPGLSs also secreted dopamine.
Noradrenergic and dopaminergic phenotypes have previously been linked to SDHB
mutations [15], which were prevalent in this study. Indeed, 5 of the 7 (71.4%) patients with
elevated norepinephrine/normetanephrine and dopamine/methoxytyramine levels had SDHB
mutations.

Several imaging studies have been used in localizing and characterizing UBPGLs. In many
bladder tumors, cystoscopy is used in localizing the tumors. However, this procedure is not
recommended without adequate perioperative blockade, as distention of the bladder with
fluid or manipulation of the tumor or both can induce catecholamine release and episodic
spells [25]. CT has a high sensitivity for detecting PHEOs/PGLs. However, UBPGLSs can be
hard to visualize on CT owing to density and enhancement similar to soft tissue on plain
images or surgical clip artifacts [23,26]. MRI may be favorable for visualizing UBPGLs
owing to its higher soft tissue contrast and decreased interference from artifacts because of
surgical clips [1,23,26]. On T1-weighted images, UBPGLSs are not very intense, but on T2-
weighted images, UBPGLs, like many PGLs, are moderately to highly intense [26]. In our
patients, CT scan results were positive in 90.5% of patients, whereas MRI finding was
positive for all the patients who underwent these scans.

Urol Oncol. Author manuscript; available in PMC 2016 April 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Martucci et al.

Page 7

For functional imaging, 1231-MIBG scintigraphy has long been considered the gold standard
for PHEO/PGL, owing to its structural similarity to norepinephrine allowing its uptake by
catecholamine-secreting tumors [19,27]. In our study, only 40% of UBPGLs showed
positive results on 1231-MIBG scintigraphy, suggesting that this technique may be
suboptimal for these tumors. OCT scanning has also been used in diagnosing PHEOs/PGLs,
though with low sensitivity [27]. In our series, none of the patients who underwent this
imaging modality had positive scan results. This modality is being replaced by newly
developed 88Ga-DOTA-peptide PET/CT scans, which appear to be highly sensitive
(unpublished observations). In contrast, PET imaging may be more sensitive. FDG-PET
scanning has been shown to have high sensitivity for PHEO/PGL, particularly for SDHB-
related metastatic tumors [18-20]. All 7 of our patients who had FDG-PET scans had
positive UBPGL uptake. Moreover, 4 patients also underwent PET scanning with FDA, an
analog of norepinephrine. In these patients, 1 had positive UBPGL uptake, and the other 3
were not visible owing to contrast excretion in the urinary bladder. Overall, FDG-PET
imaging seems to be the most sensitive functional test for UBPGL, but further study with a
larger cohort of patients will be necessary. A suggested diagnostic algorithm for UBPGL is
presented in Fig. 3.

The main treatment strategy for UBPGL is surgical resection. The surgical approach should
be dictated by the size and location of the tumor. The high rate of metastatic disease in this
study suggests that follow-up imaging should be performed periodically on patients with
UBPGL. If metastases can be caught early, curative surgical resection may be possible; if
not possible, treatment with chemotherapeutic agents like CVD may help prolong survival
[28]. CVD is especially effective in the management of SDHB patients (unpublished
observations).

5. Conclusions

UBPGLs are frequently associated with a noradrenergic biochemical phenotype and SDHB
mutations. Thus, patients with UBPGLSs should be tested for SDHB mutations. In addition, a
high metastatic rate was found in our patient series, with no statistically significant
difference between patients with SDHB or no known mutations, suggesting a need for
regular follow-up with biochemical testing and imaging studies regardless of genetic
background. Anatomic imaging with contrast-enhanced pelvic MRI and functional imaging
with FDG-PET appear to have the greatest sensitivity for detecting UBPGLs and may be
best for diagnosis and follow-up.
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Fig. 1.

(A?—C) Fluorodeoxyglucose positron emission tomography/computed tomography (CT)
overlay, T2-weighted magnetic resonance imaging (MRI), and 123|-
metaiodobenzylguanidine (MIBG) scintigraphy showing a tumor in the anterior bladder wall
of a 12-year-old male patient (patient 22). (D) Contrast CT in a 6-year-old female patient
with tumor in the right lateral bladder (patient 11). (E and F) Contrast CT and T2-weighted
MRI in a 13-year-old female patient showing an enhancing mass at bladder base (patient
13). (Color version of the figure is available online)
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A)

B)

Fig. 2.
Representative images of a resected urinary bladder paraganglioma under low-power (A)
and high-power (B) microscopy. (Color version of the figure is available online)
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Clinical suspicion of
PHEO/PGL

N

Genetic predisposition to PHEO/PGL
(VHL, SDHX, etc.)

i

Urine and/or plasma biochemical

tests

(EPI, NE, DA, MN, NMN, MTX)

l

Elevated NE/NMN, possibly
elevated DA/MTX
(Biochemically silent but known
genetic background)

!

CT/MRI

|

Tumor noted in urinary bladder
(more likely with contrast-
enhanced MRI)

!

4

Functional imaging
(FDG PET)

Fig. 3.

Genetic testing
(if unknown)

Diagnostic algorithm for urinary bladder paraganglioma. Boxes in italics represent typical
findings in patients with urinary bladder paraganglioma. DA = dopamine; EPI =
epinephrine; MTX = methoxytyramine; NE = norepinephrine; NMN = normetanephrine.
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Genetic profile of the patients
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Patient Mutation  Nucleotide change Protein change Family Hx of PHEO/PGL
1 SDHB Exon 1 deletion Exon 1 deletion -
2 SDHB €.343C>T p.Argl15X -
3 _ _ _ -
4 SDHB Promoter and exon 1 deletion Promoter and exon 1 deletion +
5 SDHB c.418G>T p.Vall40Phe -
6 - _ _ -
7 SDHB €.380T>G p.1le127Ser +
8 SDHB €.380T>G p.llel27Ser -
9 SDHB c.136C>T p.Argasx -

10 - - - -
1 - - - -
12 SDHB €.286+1G>A Splice site mutation -
13 SDHB c.418G>T p.Val140Phe -
14 - - - -
15 SDHB €.445-447delCAiInsGGTATCT  p.GIn149LeufsX159 -
16 SDHB c.540G>A p.Leul80Leu (mutation affects transcript splicing)  +
17 SDHB €.343C>T p.Arg115X +
18 - - - -
19 - - - -
20 VHL Partial deletion Partial deletion -
21 VHL ¢.337C>T p.Arg113X +
22  VHL c.371C>T p.Thrl24lle +
23 - - - -
PZ - - -
25 SDHB €.553G>T p.Glul85X -
26 - - - -
27 SDHB c.587G>A p.Cys196Tyr -

NA = not available.
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