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Abstract
BACKGROUND
Kidney transplantation is associated with an increased risk of tumors in the urinary bladder. Among all the pathological types of tumors in the bladder, paraganglioma, which arises from extra-adrenal paraganglia and consists of chromaffin cells, is rare. Paragangliomas might cause severe clinical symptoms due to catecholamine hypersecretion or mass compression. Bladder paragangliomas are rare, especially those appearing after kidney transplantation. Here, we report a case of bladder paraganglioma developing after kidney transplantation.

CASE SUMMARY
[bookmark: OLE_LINK4747][bookmark: OLE_LINK4748]A 63-year-old woman received a kidney transplant 12 years ago and took oral immunosuppressants (cyclosporine, mizoribine, and methylprednisolone) for regular post-transplant treatment. The patient felt no discomfort and she came to the hospital for a routine checkup. A mass located in the bladder was incidentally discovered by computed tomography, and she underwent surgical treatment. A 2 cm × 2 cm invasive mass was found in the trigone of the bladder and the mass was removed. The diagnosis of paraganglioma was confirmed by morphology and immunophenotyping. The patient had a good prognosis and is still alive. 

CONCLUSION
Paraganglioma can grow in the bladder, which might cause no clinical symptoms. The diagnosis mainly depends on morphology and immunophenotyping. Surgical resection is an important treatment option for such patients.
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[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK4608][bookmark: OLE_LINK4609][bookmark: OLE_LINK4600][bookmark: OLE_LINK4601]Core Tip: Paraganglioma is a rare neuroendocrine carcinoma with a morbidity of 2-8 cases per million. Paraganglioma in the urinary bladder is an infrequent condition, and it is even more rarely reported in kidney transplant recipients. The clinical manifestations of paraganglioma lack specificity. The tumor might cause severe clinical symptoms, such as hypertension and hematuria, or no symptoms, making an accurate preoperative diagnosis difficult. Pathology is essential for diagnosis. Although there is still no standard therapeutic consensus, surgical resection is an important treatment. Here, we report a case of paraganglioma in the bladder of a patient after kidney transplantation.

INTRODUCTION
[bookmark: OLE_LINK4733][bookmark: OLE_LINK4734][bookmark: OLE_LINK4735][bookmark: OLE_LINK4736]In recent years, with the development and application of new types of immunosuppressants, the survival rate of kidney transplantation has been significantly improved. However, long-term use of immunosuppressants increases the risk of tumors in kidney transplantation recipients. Malignant tumor is one of the common long-term complications after kidney transplantation, with a reported incidence of 7.6%-10.9%[1]. The most common tumors in kidney transplant recipients are Kaposi’s sarcoma, skin cancer, non-Hodgkin’s lymphoma, colorectal cancer, renal cell cancer, and anogenital tract cancer[2]. Although kidney transplantation has been proved to increase the incidence of bladder tumors[3], the incidence is low. A large study showed that the incidence of bladder malignancies was only 1.9% in the population who received kidney transplantation[4]. Paragangliomas were even more rarely found in such situations.
[bookmark: OLE_LINK4737][bookmark: OLE_LINK4738][bookmark: OLE_LINK4739][bookmark: OLE_LINK4740][bookmark: OLE_LINK4741][bookmark: OLE_LINK4742][bookmark: OLE_LINK4743][bookmark: OLE_LINK4744][bookmark: OLE_LINK4745][bookmark: OLE_LINK4746]Paragangliomas are nonepithelial tumours originating from neural crest-derived paraganglion cells situated in the region of the autonomic nervous system ganglia and accompanying nerves[5]. It has been reported that the morbidity is only 2-8 per million population[6]. The first case of bladder paraganglioma was reported by Zimmerman et al[7] in 1953, and more cases were then reported. Current data show that paraganglioma arising in the urinary bladder is extremely rare, and accounts for only 0.06% of all bladder cancers[8]. Due to the rarity, the diagnostic and therapeutic methods are still not well established. Here, we report a pathologically confirmed bladder paraganglioma that arose after kidney transplantation, which is a rare clinical entity. 

CASE PRESENTATION
Chief complaints
A 63-year-old female patient was hospitalized to the Urology Department of our hospital in October 2016. She was admitted to hospital just for a regular post-transplantation physical examination.

History of present illness
The patient underwent right allograft kidney transplantation 12 years ago at our hospital due to kidney failure caused by chronic nephritis. After transplantation, she had regularly taken cyclosporine (50 mg bid), mizoribine (150 mg qd), and methylprednisolone (5 mg qd). Her physical condition was good after transplantation. Also, she underwent medical examination at a local hospital or our hospital and the last examination occurred 2 years ago. The follow-up protocol included routine blood tests, serum biochemical indexes and tumor markers, and abdominal imaging [ultrasonography and computed tomography (CT)]. The results of the examination showed no abnormalities.

Physical examination
No positive sign.

Laboratory examinations
Routine blood tests and blood coagulation function tests were normal. Blood glucose and lipid levels, transaminase levels, and tumor markers [carcinoembryonic antigen, alpha-fetoprotein, carbohydrate antigen (CA) 12-5, and CA 19-9] were within normal ranges. Blood urea (9.2 mmol/L) and creatinine (132 mmol/L) were slightly elevated.

Imaging examinations
CT revealed a decrease in size of both kidneys. Also, a shadow with heterogeneous soft tissue density was found on the upper bladder wall (Figure 1). The shape of the tissue was irregular with indistinct edges. CT suggested a malignant tumor. No enhanced imaging was performed because non-contrast CT had already indicated a tumor and surgical excision was chosen for treatment.

FINAL DIAGNOSIS
Paraganglioma.

TREATMENT
The patient underwent transurethral resection of the bladder tumor after preoperative risk assessment. First, cystoscopy was performed to excise the tumor in the bladder. The invasive mass was observed in the trigone of the bladder under cystoscopy, with a size of 2 cm × 2 cm. It was observed that the tumor had invaded to the muscle layer of the bladder. Then, the tumor was removed with an electric scalpel. The excised neoplasm was sent for pathological examination. The operation was successful. The gross morphology of the excised bladder neoplasm presented irregular gray–white tissue with a diameter of 1.5 cm. Microscopically, the tumor cells were arranged like sheets and nests (Figure 2A). The cytoplasm was eosinophilic to amphophilic after hematoxylin and eosin staining (Figure 2B). The nuclei had a hyperchromatic and irregular shape without mitotic figures. The neoplasm infiltrated the muscle layer (Figure 2C). For further characterization, immunohistochemical staining was performed. The tumor cells were positive for CD56, Syn, CgA, and S-100, and negative for CK, SDHB, and CK7 (Figure 2D-F). Ki-67 staining revealed a proliferative index of approximately 1%. The pathological diagnosis supported paraganglioma. 

OUTCOME AND FOLLOW-UP
The patient recovered well after surgery and was followed by telephone. At the 6-year follow-up visit, she reported that her health condition was good without discomfort. The patient is still alive when this case report is written.

DISCUSSION
Although paragangliomas can arise in a variety of locations, the majority are found in predictable regions, including the middle ear, jugular foramen, carotid body, mediastinum, and para-aortic region[9]. However, paragangliomas arising in the bladder are rare. It is reported that the proportion of bladder paragangliomas among all catecholamine-secreting neoplasms is < 1% and only 0.5% of all bladder tumors[10]. The main clinical manifestations of bladder paraganglioma are tumor mass effects, such as micturition, hematuria, dysuria, and bladder irritation[11]. Paragangliomas secreting catecholamines may also show clinical presentation of hyperfunctioning adrenal pheochromocytoma, such as hypertension, headache, palpitations, cold sweats, dizziness, and headaches[12]. Paragangliomas that are not hormonally active show normal catecholamine levels and the clinical manifestations are not specific, which makes it difficult to distinguish them from other bladder tumors. The patient in our report showed no clinical symptoms, which indicated that the paraganglioma did not secrete catecholamine. The tumor was located in the trigone and no mass effect could be attributed to the small size of the tumor.
Kidney transplantation gives patients with end-stage renal failure a longer life expectancy, with the help of immunosuppression. However, life-long immunosuppression has caused serious complications in this patient group, including tumors. It is now recognized that kidney-transplant recipients have a 2-4-fold increased risk of tumors compared with the age- and gender-matched general population. Immunosuppressive therapy might impair immunosurveillance and cause an inadequate immune response and immunological control of oncogenic viral infections, which might lead to an increased risk of tumorigenesis[13]. In China, statistics show that the total incidence of malignant tumors in post-kidney transplant patients is 2.95%, which is 3-5 times higher than that in the gender- and age-matched general population[14]. Kaposi’s sarcoma and skin cancer are the most common tumors in such patient groups outside China. In China, urinary tract tumors are the most common, followed by digestive system tumors[15]. The top ten most common tumors in post-kidney transplant patients are urothelial carcinoma, hepatocellular carcinoma, renal cell carcinoma, gastrointestinal cancer, lymphoma, breast cancer, lung cancer, cervical cancer, prostate cancer, Kaposi sarcoma, and squamous cell carcinoma of the skin[14]. Paragangliomas are rare post-kidney transplantation tumors. Despite the low morbidity of paragangliomas in the genitourinary system, the bladder is the most common site for paragangliomas, followed by the urethra, pelvis, and ureter[16]. Hence, the possibility of paragangliomas should be suspected for tumors occurring in the bladder. However, paragangliomas of the bladder in post-kidney transplant patients are extremely rare. Until now, we have only found one such case reported[17]. As far as we know, this is the first reported case of post-kidney transplantation paraganglioma of the bladder in the Chinese population.
Paraganglioma is a neuroendocrine tumor originating from neural crest cells. According to the site of occurrence, tumors in the adrenal medulla are called pheochromocytomas, while those outside the adrenal glands are generally referred to as paragangliomas[18]. The diagnosis of paraganglioma mostly relies on the morphological characteristics and immunophenotype, including immunohistochemical staining with neuroendocrine markers[19]. In the 2017 edition of the WHO Classification of Endocrine Organ Tumors[5], the definition of paraganglioma has been updated. This kind of tumor is considered malignant and has the potential to metastasize, and the previous benign classification has been removed. Paraganglioma in this case was invasive in the muscularis mucosae of the trigone of the bladder and was malignant.
Genetic studies have found that mutations of succinate dehydrogenase (SDH) are associated with prognosis. Three types of SDH mutations in bladder paragangliomas have been found: SDHA, SDHB, and SDHD. Bladder paraganglioma with SDHB gene mutation has the highest probability of distant metastasis and malignant change, which means that it might have the worst prognosis[20,21]. No mutations of SDHB protein were found in this case, suggesting a low risk of metastasis. Indeed, no metastasis was found in the later follow-up, and the patient is in good condition currently, which is consistent with the inspection results.
Given that the most common bladder tumor is urothelial carcinoma, this case should be distinguished from it. The diffuse and invasive growth pattern of bladder paraganglioma might be easily misdiagnosed as urothelial carcinoma, especially when the tissue is broken and has been compressed and burned. In addition, urothelial carcinoma may also present with a nest-like growth pattern that is similar to that of paraganglioma. The main differences between the two tumors are the immunophenotypes. CK is negative, neuroendocrine markers are positively expressed in the paraganglioma tumor cells, and S-100 is positively expressed in the supporting cells. Urothelial carcinoma tumor cells express CK7, P63, PAX-8, and GATA-3. The immunophenotypes of this case supported the diagnosis of paraganglioma.

CONCLUSION
The incidence of bladder paraganglioma after kidney transplantation is rare and few cases have been reported. As far as we know, this is the first reported case in the Chinese population. Paraganglioma in the bladder might cause no clinical symptoms and the diagnosis mainly depends on morphology and immunophenotyping. Surgical resection is an important treatment option for such patients. The exact pathogenesis of paraganglioma of the urinary bladder after kidney transplantation is still unclear because of the low incidence, and long-term use of immunosuppressant might be the cause. 
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[bookmark: OLE_LINK4606][bookmark: OLE_LINK4607]Figure 1 Computed tomography image. A soft tissue shadow was found on the upper bladder wall (arrow).
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[bookmark: OLE_LINK4765][bookmark: OLE_LINK4766]Figure 2 Histological examination and immunohistochemical staining. A: Histological examination of the resected vesical polyp revealed that the cells were arranged in sheets and nests [hematoxylin and eosin (H&E) staining]; B: The cytoplasm was eosinophilic to amphophilic (H&E staining); C: The neoplasm infiltrated the muscle layer (H&E staining); D-F: Homogeneous immunoreactivity to neuroendocrine markers such as synaptophysin (D), chromogranin A (E), and S-100 (F) (immunohistochemical staining). 
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