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Background: Paragangliomas (PGL) are rare neuroendocrine tumors derived

from the autonomic nervous system paraganglia. Urinary bladder

paragangliomas (UBPGL) originate from the sympathetic neurons of the urinary

bladder wall and represent 0.7% of all paragangliomas and <0.05% of all bladder

tumors. PGL and UBPGL can be associated with SDHB, SDHD, NF1, and VHL gene

variants, with the most common germline alterations found in SDHB and VHL.

Case report: We report a case of a 42-year-old woman who presented with

menorrhagia/hematuria, uterine leiomyomas, as well as cardiac and bladder

masses. The cardiac mass was favored to be a myxoma based on clinical

findings, while the bladder mass was diagnosed as UBPGL. A novel SDHB

mutation (c.642G>A, p Q214Q), detected in the UBPGL, was proven to be

somatic. Although this variant was seemingly synonymous, it was predicted to

have a loss of function due to the splice site effect, which was further supported

by the immunohistochemical loss of SDHB.

Conclusion: This case highlights the challenges of diagnosing an extremely rare

entity, bladder paraganglioma, with an emphasis on the multidisciplinary

approach to navigate various clinical and imaging findings that may initially be

misleading. In addition, a novel loss of function SDHB variant that could have

been overlooked as a synonymous variant is herein reported, while also

illustrating the importance of both germline and somatic mutation testing.
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Introduction

Paragangliomas (PGLs) are rare neuroendocrine tumors

derived from extra-adrenal chromaffin cells (1). The incidence of

paragangliomas is often described together with the incidence of

pheochromocytomas (PCCs), which is approximately 0.6 cases per

100,000 person-years (2). PGLs located in the neck and skull are

usually parasympathetic and nonfunctional while those located in

the thorax, abdomen, and pelvis tend to be sympathetic and

hypersecretory (1). Urinary bladder paragangliomas (UBPGL) are

extremely rare tumors originating from the sympathetic neurons of

the urinary bladder wall, which represent 0.7% of all PGLs and

<0.05% of all bladder tumors (3). UBPGLs may manifest with

catecholamine excess, ranging from 55% to 91% of the cases (4–6)

Diagnosing non-functioning UBPGLs can be challenging, as they

may only manifest as hematuria or be detected incidentally from

imaging studies. Consequently, up to two-thirds of UBPGLs are

diagnosed following surgery or a biopsy (7).

Risk factors for metastatic UBPGLs include high levels of

catecholamine excess, young age, and large tumor size (7).PGLs

and UBPGLs can be associated with mutations involving SDHB,

SDHD, VHL, and NF1 (2). The former two genes, particularly

SDHB are the most commonly mutated genes in patients with

germline mutations (7). Previous research has illustrated that

pathogenic SDHB variants in PGLs increase the risk of metastatic

disease (7, 8).
Case presentation

A 42-year-old female with menometrorrhagia secondary to

presumed uterine leiomyomas presented for hysterectomy evaluation

with her gynecologist. The patient had a Foley catheter placed due to

urinary retention and hematuria, for which she underwent cystoscopic

examination at an outside facility. A bladder mass was identified and

biopsied, revealing a paraganglioma. She was thus referred to our

institution for further evaluation of the bladder mass.

A CT intravenous pyelogram revealed an enhancing 3.7 cm

bladder mass centered near the left ureterovesical junction without
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hydronephrosis (Figure 1A), as well as a hyperdense cardiac mass

on the atrial septum, incompletely evaluated. A subsequent pelvic

and abdominal MRI highlighted a well-defined heterogeneous soft

tissue mass in the anterior inferior aspect of the bladder abutting the

urethra and vagina, measuring 3.8x3.2x3.0 cm, that demonstrated a

mild hyperintense signal on T2-weighted images (Figure 1B) as well

as an isointense signal on T1-weighted images. This also showed a

dominant 7.4 cm intramural leiomyoma in the anterior myometrial

wall with a physiologic left ovarian cyst and no other cystic solid

adnexal lesions. A transurethral resection of the bladder mass

(TURBT) was scheduled.

In the meanwhile, based on the initial pathology results, the

patient was also referred to endocrinology. Upon further interview at

the endocrinology clinic, the patient reported excessive bleeding, both

during her period and between her periods (menometrorrhagia), as

well as episodes of spotting between menses. Bleeding episodes varied

in quantity and quality; it is possible that the hematuria could have

been masked by the abundant menometrorrhagia. She also reported

fatigue and shortness of breath, which was attributed to severe iron

deficiency secondary to abnormal uterine bleeding. Moreover, she

complained of mild abdominal pain but denied episodic headaches,

sweating, tremors, palpitations, anxiety, fevers, dysuria, or

recreational drug use. The patient had no other past medical

history or concomitant medication except for multivitamin

supplements. Her family history was significant for stroke in her

grandparents and father. There was no known family history of

endocrine tumors.

Initial blood pressure and heart rate were 110/80 mmHg and

70–80 beats per minute respectively. However, ambulatory blood

pressure monitoring revealed occasional values of 160/90 mmHg.

At night, her blood pressures did not decrease. Of note, blood

pressures were not monitored post-micturition. The physical exam

revealed normal heart rate and rhythm with no murmur, rub,

or gallop.

Further workup showed a slightly elevated plasma metanephrine

level of 74 pg/mL (normal <57 pg/mL) with normal plasma

normetanephrine and serum chromogranin levels. In her 24-hour

urine studies, the levels of dopamine (564 mcg/24h; normal 52–480

mcg/24h) and metanephrine (305 mcg/24h; normal 58- 203 mcg/
FIGURE 1

Imaging studies of the patient. (A) CT Intravenous pyelogram demonstrating an enhancing 3.7 cm bladder mass centered near the left ureterovesical
junction without hydronephrosis or lymphadenopathy. (B) MRI pelvis and abdomen showing a well-defined 3.8 cm mass (arrows) in the anterior
inferior aspect of the bladder abutting the urethra and vagina with a mild hypertense signal on T2 weighted image.
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24h) were slightly elevated, while the normetanephrine level

was normal.

There were no signs of pheochromocytoma or abdominal

paragangliomas on abdominal MRI. To further evaluate

synchronous paraganglioma, 68Ga-DOTATATE-PET/CT scan

was performed before surgery and showed no evidence of

metastatic disease, and no uptake of the hyperdense cardiac mass.

Unfortunately, bladder visualization was limited due to the excreted

tracer. Of note, both abdominal MRI and PET scans revealed

susp ic ious breas t nodules , however , b iopsy showed

fibroadenomatoid changes consistent with sclerosing adenosis

with no evidence of malignancy.

To further characterize the cardiac mass, an echocardiogram

was performed, which did not show the mass seen earlier on the CT

scan. Further workup with cardiac MRI showed a well-

circumscribed mass in the interatrial septum measuring 2.0 cm x

1.7 cm, with heterogeneous pattern in the late gadolinium

enhancement sequences. A cardiologist was consulted for the left

atrial mass, who concluded that it was most likely benign atrial

myxoma based on MRI findings. No further treatment, including

anticoagulation, was recommended.

To prevent an intraoperative hypertensive crisis, given occasional

hypertension on ambulatory blood pressure monitoring, the patient

received alpha blockade with doxazosin 2mg daily, which was up

titrated to target blood pressure <130/80 mmHg supine and systolic

blood pressure 90–110 mmHg upright, and to eliminate all

occasionally high values. Her final dose before surgery was 8 mg

twice daily. She then underwent TURBT for UBPGL resection.

Doxazosin was continued post-operatively due to an elevated blood

pressure reading. However, she decided to go home immediately after

the surgery rather than stay overnight for monitoring. Therefore, she

was discharged with doxazosin. Ten days later, she was seen by her

cardiologist for a follow-up regarding her cardiac mass, and her dose

was reduced. The patient had multiple rescheduled and missed

appointments with endocrinologists. When she eventually followed
Frontiers in Endocrinology 03
up with endocrinology at three-month post-procedure, her dose was

completely discontinued.

On pancystoscopy, the bladder mass appeared as a large

(greater than 5 cm) endophytic mass of the left lateral and

anterior walls that extended to the bladder neck. The gross

specimen consisted of multiple irregularly and rectangularly

shaped fragments of soft pinkish tissue that in total measured

7.0x6.0x1.0 cm in aggregate. Histologic sections showed again

fragments of paraganglioma, composed of variably sized nests of

eosinophilic cells with round to oval nuclei mostly arranged in a

classic Zellballen pattern of growth, separated by a delicate

fibrovascular network. No comedonecrosis or vascular invasion

was identified. Immunohistochemical stains showed strong diffuse

immunoreactivity with synaptophysin, chromogranin, and GATA-

3, with negative keratin (AE1/AE3) and p63 stains (Figure 2). The

ki-67 labeling index was greater than 3% (7.5% on average, as

calculated over 1000 cells from hot spots in a representative section

of the tumor). SDHB immunohistochemistry testing showed loss of

stain in the tumor cells, with appropriately staining internal

controls, represented by the endothelial and stromal cells

(Figure 3). Overall, a diagnosis of primary UBPGL was made

based on clinicopathologic findings.

Both germline and tumor genetic testing were undertaken as

part of the clinical work-up. The germline testing was performed via

the Ambry Genetics Custom-Next Cancer Panel (consisting of 85

genes) with RNA Insight and revealed a variant of unknown

significance (VUS) in MET (c.816G>C, pQ272H). The tumor

sample was sequenced by using our institution’s clinically

validated 700-gene next-generation sequencing (NGS) panel

known as UF Health Pathlabs Gatorseq700 NGS Screening Panel

to evaluate for mutations and copy number variants. Briefly,

genomic DNA extracted from the tumor was amplified using the

GatorSeq700 NGS Panel and sequenced on the Novaseq 6000 to

high uniform depth (targeting 500x coverage by non-PCR duplicate

read pairs with >99% of exons at coverage >100x). Sequence data
BA

FIGURE 2

Histologic and immunohistochemical findings. (A) High magnification image (H&E, original magnification 400x) illustrating the tumor cells arranged
in irregular nests surrounded by a fine capillary network, and showing moderate to abundant, eosinophilic cytoplasm, round to oval nuclei with finely
granular (“salt and pepper”) chromatin and inconspicuous to absent nucleoli. (B) The tumor cells (immunohistochemistry, original magnification
100x) show diffuse cytoplasmic expression of synaptophysin and chromogranin A and nuclear immunoreactivity for GATA-3, with negative keratin
(AE1/AE3) stains.
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were processed using the genomic analysis application DRAGEN

(enrichment version 3.9.5) with UCSC hg19-altaware as the

reference genome. The mutation nomenclature was based on the

convention recommended by the Human Genome Variation

Society and interpretation was performed per clinical guidelines

(9, 10). Tumor sequencing revealed a seemingly synonymous SDHB

mutation (c.642G>A; p.Q214Q) with a deletion in the entire short

arm of chromosome 1 spanning SDHB (Figure 4) and no evidence

of loss of heterozygosity for the MET VUS. In silico analysis by

multiple computational prediction tools supported the deleterious

effect of the novel SDHB variant (c.642G>A; p.Q214Q), favoring a

donor loss (see Supplementary Data).

Subsequently, the patient underwent a repeated bladder

cystoscopy and an additional TURBT, which was negative for any
Frontiers in Endocrinology 04
residual tumor. Unfortunately, the patient has been lost to

follow-up. We have contacted her in order to stress the

importance of follow-up and to inquire about her blood pressure,

menometrorrhagia, and repeated biochemical profiling.
Discussion

Herein, we present a unique UBPGL case that illustrates the

importance of a multidisciplinary team approach to navigate the

clinical and imaging findings of this rare entity that was diagnosed

during the workup of menometrorrhagia. In addition, we report a

novel loss of function variant in SDHB which may be challenging to

interpret given that there is no change in the predicted amino acid
BA

FIGURE 3

SDHB-immunochemistry with matching histology. (A) (H&E, original magnification 100x): Tumor is composed of cells with abundant eosinophilic
cytoplasm arranged in a variable sized nested pattern, with associated thin capillary network. (B) (SDHB immunostain, original magnification 100x):
Immunohistochemistry testing shows loss of SDHB protein expression in tumor cells, with appropriately staining internal control (endothelial cells
outlining the vascular spaces, and stromal cells).
B

C

A

FIGURE 4

Molecular findings. (A, B) Copy number plots showing chromosome (A) and band level (B) loss of entire short arm of chromosome 1 with deletion of
SDHB. (C) IGV view of the mutation in the last nucleotide of the SDHB exon 6 (negatively oriented gene) at the splice site.
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transcription if one solely focuses on the nucleotide changes in the

codon (c.642G>A p.Q214Q).

PCCs are rare neuroendocrine tumors deriving from

chromaffin cells of the adrenal glands, and approximately 10% of

these neoplasms are in the extra-adrenal sites and are referred to as

PGLs. Among them, UBPGLs are one of the rarest forms with only

a couple of hundred cases reported in the literature (3, 5). They can

manifest with a range of symptoms, although they may remain

clinically silent. Between 30–53% of UBPGLs present with

symptoms of catecholamine excess triggered by micturition, 35–

47% present with hematuria, while about 3–10% are discovered on

imaging incidentally (4–6). Up to 45% of the UBPGLs may be non-

functioning (4–6). When there is clinical suspicion for a UBPGL,

evaluation includes a cystoscopy and a CT scan of the abdomen and

pelvis (11). In a retrospective study by Zhang et al. (12) looking at

imaging characteristics of 16 UBPGL cases (9 of which were female

patients), 13 patients underwent CT scans, which all exhibited slight

hypoattenuation and moderate to marked enhancement of the

bladder mass. There was only one case with leiomyomas on

imaging, but it was unclear if that patient was symptomatic (12).

No other reported cases of concurrent leiomyomas were noted in

the literature. A multicentric study that investigated 110 patients

diagnosed with UBPGL showed that only 37% were diagnosed prior

to biopsy based on more characteristic symptoms (7). Overall, these

studies highlight that PGLs may not be considered in the differential

diagnosis of bladder masses during the initial workup.

Likewise, in our patient’s case, the history of leiomyomas and

lack of significant symptoms of catecholamine excess made it

challenging to initially consider a UBPGL in the differential

diagnosis. Moreover, the slight increase in metanephrine level did

not reach the level of significance (11) and could have been related

to pain at the time. Considering the typical biochemical profile of

paragangliomas against our findings, we concluded that our patient

likely had a nonfunctioning bladder paraganglioma. Our case

demonstrates that common tumors with expected symptoms,

such as leiomyomas that present with abnormal uterine bleeding,

may obscure findings of rare entities. The case also serves to

encourage the clinicians to obtain detailed clinical histories and

perform adequate work-up of incidental findings with a broad

differential diagnosis.

Patients with UBPGLs present at a median age of 50 years and

with a median tumor size of 2 cm (7). Hereditary PGLs manifest at

an earlier age (approximately 15 years younger than average) and

often present as multiple tumors (2, 7). Hereditary PGLs most

commonly show germline mutations in SDHB and VHL (13, 14)

while other genes such as FH (15) or MET (16) may rarely be

involved. Studies have shown a strong correlation between loss of

SDHB immunohistochemistry expression and SDHx mutations,

with sensitivity and specificity both greater than 80% (15).

Therefore, routine SDHB immunohistochemistry testing with

PCCs or PGL tumors is a highly effective and rather inexpensive

surrogate marker for SDHx mutations, thus representing a valuable

screening tool for determining the necessity of germline testing in

these tumors. TheWorld Health Organization (WHO) classification

of endocrine tumors considers SDHB immunohistochemistry
Frontiers in Endocrinology 05
“essential” in the histopathologic diagnosis of parasympathetic

(most head and neck) PGLs and “desirable” in sympathetic PGLs

(17). Our patient was relatively young and had multiple organ

masses based on imaging. In addition, her UBPGL’s pathology had a

loss of SDHB expression. Although these findings may initially raise

the potential for germline syndrome, she had only one histologically

confirmed PGL from her urinary bladder. Her breast lesions were

biopsy proven to be non-malignant and her cardiac tumor was

favored to be a myxoma based on MRI and PET findings. The

immunohistochemical loss of SDHB was accompanied by the tumor

NGS testing finding of a novel SDHB variant (c.642G>A; p.Q214Q),

however, germline testing excluded this variant as being hereditary.

Of note, there was a germline MET variant (c.816G>C, pQ272H)

which was interpreted by the reference laboratory and clinical team

as a VUS (also supported by ClinVar entries (18) Variant

ID: 1401743).

Overall, despite the initial findings pointing towards a

hereditary syndrome, a thorough workup by multidisciplinary

teams, including additional germline and somatic (tumor)

molecular testing, favored this tumor to be a sporadic UBPGL

with a novel somatic SDHB variant. Even in cases of SDH-deficient

neoplasia where no germline mutation was found, surveillance and

further follow-up for other SDH-deficient neoplasms are still

recommended (19). Even though, a germline pathogenic variant

was not found in our patient, future follow-up with 68Ga-

DOTATATE-PET/CT will be pursued, to continue to monitor for

metastases and other neoplasms, based on other risk factors present

in this case, including the young (41 years) age at presentation, the

relatively large UBPGL size (3.8 cm on imaging), and the

tumorigenic mutation in SDHB.

The SDHB (c.642G>A; p.Q214Q) variant itself raised a

molecular diagnostic challenge in this case due to its seemingly

synonymous change in the protein nomenclature. However, it

occurred at the last nucleotide of exon 6 (Figure 4), which was

predicted to result in a splice site effect (20) in this gene with loss of

function variants considered pathogenic. This amino acid position

is highly conserved across species and this variant has not been

observed in population databases. Different mutations at the same

nucleotide position have been reported as likely pathogenic; these

include c.642G>T (2 ClinVar entries, Variation ID: 480788) and

c.642G>C (reported in a patient with a malignant paraganglioma)

(21) and listed in Human Gene Mutation Database (CM065460).

In addition, the deleterious effect of this variant was further

supported by in silico analysis by multiple prediction

tools (see Supplementary Material). Lastly, the WHO for Genetic

Tumour Syndromes recommends per forming SDHB

immunohistochemistry for evaluation of a VUS in SDHB, with a

loss implying pathogenicity (19).

In combination with the patient’s tumor histology and the loss

of immunohistochemical expression of SDHB, this somatic variant

is ultimately interpreted as a likely pathogenic somatic variant

(confirmed by germline testing) and the potential driver of this

presumed sporadic tumor. Of note, there was a loss of

heterozygosity of SDHB by deletion of the entire short arm of

chromosome 1, which is a common mechanism for biallelic
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inactivation in the setting of somatic mutations, first described in

this tumor type by van Nederveen et al. (22).

Surgical intervention for UBPGLs is typically personalized to

the patient due to the lack of prospective research and clear criteria

for malignancy prediction. It is known that there are no absolute

histologic criteria or single biomarkers to reliably predict the

biological behavior of PGLs or PCCs, and multi-parameter

scoring systems have been proposed. The GAPP (Grading system

for Adrenal Pheochromocytoma and Paraganglioma) (23) and

modified GAPP (24) have shown predictive value to varying

degrees, and they may be particularly useful to “rule out”

potentially aggressive behavior rather than “rule it in” for risk

stratification. The current patient’s tumor characteristics would

add up to a GAPP score of 4 (“intermediate risk”). However, the

risk stratification also depends on extra-adrenal location, patient

age, number of tumors, and evidence of metastasis. A

comprehensive approach should include clinical, biochemical,

molecular, and pathological assessments (25) Short-term safety

for procedures like transurethral resection and cystectomies is

documented, yet long-term outcome data remains limited.

Usually, UBPGLs are initially treated with either cystectomy or

TURBT (7). Repeated surgery is sometimes required, especially in

those of younger age (<5 years old) and large tumor size (>1 cm).

Patients with incomplete resection or higher tumor stages (‗ T3) are
at higher risk of recurrence, metastases, and death when compared

to those with lower stages (26). Although the prognosis is usually

good, about 8% of patients present with synchronous metastases,

and 22% of patients develop metachronous metastases. These

patients tend to be young, have a large UBPGL size, and have a

high degree of catecholamine excess (4). Our patient was

asymptomatic with negative repeated bladder resection at 3

months; however, our study is limited due to a lack of long-term

follow-up.

This unique case of a UBPGL showcases multiple layers of

diagnostic challenges starting with the patient’s initial abnormal

uterine bleeding and leiomyoma masking the symptoms of this rare

entity. The patient’s relatively young age, additional findings

throughout the clinical workup of other masses at different sites,

and the loss of SDHB immunohistochemistry in the UBPGL raised

the potential for a germline syndrome, which was then excluded

with germline and tumor genetic testing. Lastly, the somatic SDHB

variant highlights the importance of positional effects at splice sites

in “seemingly synonymous” variants in molecular diagnostics.

Overall, a comprehensive approach combining multiple layers of

data, from clinical history to molecular findings with

multidisciplinary teamwork, is essential for diagnosing rare and

challenging cases like ours.
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