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Abstract
We present the case of a 21-year-old man with an incidentally detected cystic renal mass. A well-defined, solid mass measuring approximately 8 cm x 6 cm with a cystic component was identified in the left kidney by abdominal multidetector computed tomography (CT) and ultrasonography. The mass was well-enhanced on the corticomedullary CT phase and washout of enhancement occurred on the nephrographic phase. The mass contained peripheral wall and septal calcifications in the cystic component. The lesion was resected and diagnosed as a primary renal carcinoid tumor. Primary carcinoid tumors of the kidney are extremely rare. This case is notable because of the rarity of this neoplasm and its unique radiologic and pathologic findings. A review of previously reported cases in the literature is also presented.
( 2013 Baishideng. All rights reserved.
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Core tip: We present a rare confirmed case of primary carcinoid tumor developed at 21-year-old man with incidentally detected a mixed solid and cystic mass in the left kidney. This case is interesting because of the rarity of this neoplasm and its unique radiologic and pathologic findings.
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INTRODUCTION
Carcinoid tumors can arise in almost any organ, but they occur most commonly in the gastrointestinal tract and bronchopulmonary systems and less frequently in the hepatobiliary system[1,2]. Carcinoid tumors are well-differentiated neuroendocrine tumors (NET) with malignant potential that depends on their site of origin[1].

A primary renal carcinoid tumor is an extremely rare neoplasm with only 91 cases reported in the English literatures to date[2,3-6]. When a carcinoid tumor of the kidney is suspected, great care must be taken to rule out the more common occurrence of metastases from an extrarenal primary site. This report describes the radiologic and immunohistopathologic findings in a patient with a primary renal carcinoid tumor.

CASE REPORT

An incidentally detected cystic renal mass was found in a 21-year-old man by ultrasonography performed at an outside hospital. He had no specific symptoms or previous underlying medical disease, a physical examination showed no abnormalities. The results of other laboratory investigations, including liver tests, urine analysis, urine cytology and serum tumor marker measurements (i.e., alpha-fetoprotein, CA 19-9, and carcinoembryonic antigen) were within normal limits.
On the abdominal multi-detector computed tomography (CT), a bilobed renal mass in the upper portion of the left kidney was identified. The mass was measured approximately 8 cm × 6 cm in size, was well-defined, and consisted of a partially cystic mass within a mainly solid renal mass. The solid portion was apparent on the corticomedullary phase and enhancement washout occurred during the nephrographic phase of the abdominal CT (Figure 1). The cystic component contained peripheral and septal wall calcifications. The left kidney had a preserved reniform shape, and there was no definite hydronephrosis or caliectasis (Figure 2). There was also no malignant thrombus in the renal vein or inferior vena cava. The patient had no other abnormal findings, such as suspected distant metastasis or lymph node metastasis.

The differential diagnoses of this mixed cystic and solid renal tumor includes cystic renal cell carcinoma (RCC), cystic Wilm’s tumor, mixed epithelial stromal tumor (MEST), adult-type cystic nephroma, and cystic partially differentiated nephroblastoma. Although the radiologic findings, such as early hypervascular enhancement and late enhancement washout, are most commonly-observed with RCC, we focused on the cystic renal mass containing the hypervascular solid enhancing portion that developed in young adult patient. Cystic RCC or RCC with cystic degeneration is manifested as a solid and cystic mass and can arise during complicated renal cystic disease.
The lesion was resected and diagnosed as a primary renal carcinoid tumor (well-differentiated NET). The tumor met both the histological and immunochemical criteria for the carcinoid designation. The gross features of the resected tumor included a grayish-white soft mass attached to a cystic lesion with bulging contours and well-encapsulated margins. It had small focal hemorrhages and a large cystic component comprised half of the mass and focal calcifications and ossification (Figure 3). There was no evidence of invasion into the renal sinus, pelvis, or calyx. A microscopic examination revealed that the neoplasm was composed of small- to intermediate-sized tumor cells with uniformly round nuclei, nest formation, and abundant cytoplasm (Figure 4) and minimal mitotic activity (1/10 high-power field). Immunohistochemical studies were performed, and the tumor cells tested strongly positive for the neuroendocrine markers-CD99, chromogranin, and vimentin (Figure 4) and negative for cytokeratin, suggesting a diagnosis of RCC.
The microscopic and immunohistochemical findings were compatible with a primary renal carcinoid tumor. Based on these findings, we investigated more thoroughly over a two-year follow-up period to rule out the possibility that the renal tumor was a metastatic or secondary carcinoid tumor. After being meticulously examined with I-123 meta-iodobenzylguanidine (MIBG) scanning (Figure 5), single-photon emission computed tomography (SPECT CT), colonoscopy, gastrofiberscopy, and chest and abdominal multi-detector CT scans, the patient is doing well, and there is no evidence of other primary foci or distant metastases. Therefore, we concluded that the proper diagnosis in this case was a primary renal carcinoid tumor.
DISCUSSION

Carcinoid tumors are characteristically low-grade malignant tumors with neuroendocrine differentiation. They are located mainly in the gastrointestinal (74%) and respiratory (25%) tracts[7]. In  < 1% of cases, the carcinoid tumors are reported in the genitourinary system.
Renal carcinoid tumors have the characteristic features of carcinoid tumors located elsewhere; the World Health Organization (WHO) has proposed a classification system for renal carcinoid tumors that is similar to that of the carcinoid tumors of other organs [8]. The majority of the renal carcinoid tumors reported in the literature are typical carcinoid with low mitotic activity and the absence of necrosis. A mitotic activity index of more than two and the presence of necrosis are features of an atypical carcinoid tumor[8].
A classification system established in 2000 and updated in 2010, differentiates between NETs and neuroendocrine carcinomas[9]. The proliferation index (Ki-67, MIB-1), angioinvasion, and mitoses are important factors in this classification. Thus, tumors are divided into well-differentiated NETs (< 2 cm in size, < 2% Ki-67 index), well-differentiated neuroendocrine carcinomas (> 2 cm in size, > 2% Ki-67 index, or angioinvasive), and poorly differentiated neuroendocrine carcinomas (> 20% Ki-67 index). The patient in our case had minimal mitotic activity (1/10 high-power field) without vascular, lymphatic, and perineural invasion or necrosis. An atypical carcinoid (well-differentiated neuroendocrine carcinoma) of the kidney is rare, with only one reported case in a large study by Hansel et al[5]. The natural history, prognosis, and clinical behavior of primary renal carcinoids are not well-understood because of its rarity. The outcomes from case reports suggest that renal carcinoid tumors are usually less aggressive and have a more indolent clinical course than the other renal tumors included in the differential diagnosis, such as RCC and primitive neuroectodermal tumors[10,11].
Renal carcinoid tumors, similar to carcinoid tumors in other locations, are derived from neuroendocrine cells. However, unlike carcinoid tumors arising in the gastrointestinal tract and bronchopulmonary systems, a definitive cell of origin within the renal parenchyma has not been identified[12,13]. Several theories have been proposed about the origin of primary renal carcinoid tumors, including that they are derived from neural crest cells entrapped within the metanephros during embryogenesis [14], that they result from hyperplasia or teratomatous epithelium[14,15], and that they occur after the neuroendocrine differentiation of a primitive totipotential cell[15,16].
A review by Romero et al[2] demonstrated an association between renal carcinoid tumors and horseshoe kidneys, renal teratomas, and polycystic kidney disease in 17.8%, 14%, and 2% of reported cases, respectively[17]. Although the exact cell of origin of these tumors is unknown, these study results strongly indicate that their development is related to predisposing embryological factors. The increased incidence of carcinoid tumors in horseshoe kidneys is likely caused by teratogenic events involving the abnormal migration of posterior nephrogenic cells, which coalesce to form the isthmus of a horseshoe kidney. The fact that all horseshoe kidney-derived carcinoids are primarily located in the vicinity of the isthmus strongly supports this theory.
Primary renal carcinoid tumors are slow growing and nonfunctional in most cases, and they are incidentally detected, show no gender predilection, and occur in patients between the ages of 23 and 78 years, with a mean age of occurrence that is lower than for RCC[3]. Despite the lack of gender predilection, carcinoid tumors in horseshoe kidneys are most frequently reported in men, likely reflecting the higher prevalence of horseshoe kidneys in male patients[18].

The most common radiologic feature of carcinoid tumors is calcification, which has been reported in 26.5% of the literature[2], and also shown in present reported case. The tumors have mainly heterogeneous echogenicity on ultrasound scans, and tumor appearance on CT scans varies from a hemorrhagic cystic mass[19] to a hypervascular solid mass[10] (Table 1). However, carcinoid generally appears as a minimally enhancing[20] or non-enhancing low-attenuation mass with a necrotic center[21]. Previously reported carcinoid cases have been mainly described histopathologic findings. The case under discussion showed early enhancement of the tumor with delayed washout of the solid component and peripheral and septal calcification of the cystic component. These features resemble the hypervascular features of the carcinoid tumors found at other anatomical sites[1]. Although such radiologic findings are most commonly observed with RCC, renal carcinoid tumors should be included in the differential diagnosis, particularly when hormone-producing syndromes are present. When diagnosing renal carcinoid, a radiologist must consider the possibility of metastasis from a primary extrarenal carcinoid tumor, because metastatic renal carcinoid is possible, although less common[22].
Identifying cystic renal tumors is not uncommon during routine practice in a radiology department. However, cystic renal neoplasms are included in a wide spectrum of disease entities. According to the 2004 WHO classification of renal neoplasms, cystic RCC (i.e., cystic clear cell carcinoma and, multilocular cystic RCC), and primary renal synovial sarcomas comprise malignant renal cystic tumors, adult type cystic nephroma, MEST, and lymphangioma are types of benign cystic tumors that occur in adults[8].
Cystic Wilm’s tumor and, cystic partially differentiated nephroblastoma should be included in the differential diagnoses for young children. The prominent enhancement of the solid tumor components indicates an increased likelihood of cystic RCC or MEST. The faint enhancement of the solid component indicates that adult type cystic nephroma, complex renal cysts or multicystic dysplastic kidney is more likely[23]. Cystic changes occur in up to 15% of RCCs. The spectrum of cystic RCCs includes multilocular cystic RCC, RCC arising from a preexisting benign cyst, and cystic degeneration of a previously solid RCC (clear cell RCC). Cystic RCCs tend to have thick, irregularly enhancing septa and enhancing solid components. Primary renal synovial sarcoma (PRSS) is an extremely rare malignant tumor that has a poor prognosis and, most commonly affects adolescents and young adults. The mean age onset is 35 years, and the male-female ratio is 1:[24].
PRSS appears as a large well-circumscribed heterogeneously enhancing soft-tissue mass that may extend into the renal pelvis, the perinephric region, the renal vein or the inferior vena cava[25]. PRSS commonly presents as a solid renal mass in which large intratumoral cysts may be identified[26].
Adult type cystic nephroma is a rare, benign neoplasm that typically occurs in patients over 30 years of age and predominantly affects women (male-female ratio of, 1:8)[8]. Cystic nephroma appears as a multilocular cystic mass with multiple septations and no solid components. Herniation of the tumor into the renal sinus is a characteristic CT finding[27]. MEST is an uncommon, benign neoplasm. Although the 2004 WHO classification system for renal neoplasms described cystic nephroma and MEST as separate entities, recent studies suggest that they may correspond to different ends of the morphologic spectrum of the same disease entity[28]. MEST is typically manifested in perimenopausal women with a mean age at presentation of 46 years[8]. The tumors are grossly composed of multiple cysts and solid areas. The solid areas may be extensive, and the septa of the cysts are thicker than is typical for cystic nephroma, cystic partially differentiated nephroblastoma, and multilocular cystic RCC[26]. Similar to the tumor in the present case, primary renal carcinoid tumors typically have a cystic and solid renal tumorcomponents.

The current recommended management for primary renal carcinoid tumors includs radical nephrectomy with surveillance and surgical removal of any subsequent metastases [8]. Most primary renal carcinoid tumors and metastases have a high affinity for somatostatin receptors; therefore, somatostatin receptor scintigraphy or an I-123 MIBG scan can contribute to the accurate staging and surveillance of metastatic disease after resection[29]. The most common metastatic sites are the lymph nodes and the liver[17]. Primary renal carcinoid tumors are interesting, because if they are correctly diagnosed and treated, good long-term results can be achieved.

In conclusion, we presented a rare primary renal carcinoid tumor with unique radiologic findings, particularly focusing on dynamic multi-detector CT imaging and histopathologic characterizations using immunochemistry. The prognosis and clinical behavior of these tumors have been unclear because of their rarity and short-term follow-up periods of the cases that have been published in the literature. The surgery is the treatment of choice, and even partial nephrectomy is recommended for small tumors.
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Figure 1 Axial images of the dynamic abdominal computer tomography scans show a well-circumscribed, bilobed renal mass in the left kidney that is composed of a solid part and a cystic part containing peripheral wall and septal calcifications. A, B: Pre-contrast images; C, D: Corticomedullary phase images; E, F: Nephrographic phase images. The lesion has significant enhancement in the right half of the solid portion during the corticomedullary phase and enhancement washout during the nephrographic phase (black arrow). A non-enhancing cystic portion is evident in the left half (white arrow).
Figure 2 Coronal images of dynamic computer tomography scans show a well-circumscribed, bilobed renal mass in the left renal upper pole with a relatively preserved reniform shape and no definite perirenal fat infiltration or renal sinus invasion or herniation. The early enhancing solid right half (thick arrow, A) and the non-enhancing cystic left half (thin arrow, A) are apparent. The delayed washout pattern of the enhancing solid portion is evident in the nephrographic phase (thick arrow, B).
Figure 3 Gross specimen is a whitish, soft yellowish mainly solid mass with well-encapsulated margins and bulging contour. It consists of hemorrhagic foci and a large cystic component (arrows) that comprises of half of the mass. There was no gross evidence of perirenal fat infiltration.

Figure 4 Carcinoid tumors of the kidney are composed of nests and cords of neuroendocrine cells that are noticeable under microscopy. Small- to intermediate-sized tumor cells have uniformly round nuclei with net formation, abundant cytoplasm, and prominent rosette-like structures (A, HE stain, χ200). The neoplasm had low mitotic activity (1/10 HPF). Immunohistochemical studies were performed, and the tumor cells tested strongly positive for the neuroendocrine markers (χ200), CD 99 (B), chromogranin (C), and vimentin (D). The cells were negative for cytokeratin, the marker for renal cell carcinoma (not shown). Microscopic and immunohistochemical findings were consistent with a well-differentiated neuroendocrine tumor, so called carcinoid tumor.
Figure 5 Normal physiologic uptake of I-123 meta-iodobenzylguanidine  observed in the salivary glands, nasal mucosa, myocardium, liver, bowel, and both thyroid lobes. Low-level uptake was also observed in the lungs  on 24-h image. Meta-iodobenzylguanidine (MIBG) was excreted into the urine, and physiologic activity was observed in the bladder. No definite abnormal accumulation of MIBG was apparent in the whole body through the  48-h  image.
Table 1 Review of published cases of primary renal carcinoid tumor
	Source
	Age 
   (yr)   Sex   
	Symptoms          Size (cm)
	 CT finding             
	Metastases

	Romero et al[2]
 (56 cases review) 


	12-68

(49 )
	Abd./flank pain      >  4
Endocrine syndrome        (73.6%)


	Low density  (54.5%)

High density (45.5%)

Minimal or no enhancement

Calcification (26.5%)

Necrosis (12.2%)
	50%

	Jain et al[3]
 (39 cases review, 1 case report)



	23-78    N/A
	Abd mass

Acute loin pain
	N/A
	N/A

	Murali  et al[4]
(51 cases review, 2006)


	13-68      No     

(47 )
	Abd./flank pain    1.5-22
Wt. loss

Abd. Mass

hematuria
	Well circumscribed enhancing or nonenhancing solid mass
	LN (12)

Liver(10)

Bone(1)

	Hansel   et al[5]
 (21 cases)
	27-78

(ave: 52 y)
	Back/flank pain (6)   2.6-17

Mass (2)           (6.4)

Hematuria (2)

Anemia (1)
	N/A
	L/N  (11)

Liver (5)

Bone (1)

Lung (1)

	Raslan  et al[10]
(5 cases)


                      
	63        M

40        M

49        F

52        F

62        M      
	None               6

Abd. Discomfort     5

Hematuria           6           Carcinoid syndrome  8

Hematuria           4
	Hypervascular mass

Mass

Mass

Mass

Solid and cystic mass
	Liver

None

Liver, LN

Liver

None

	Zak  et al[14]
(2 cases)
	34         F
59         F      
	None              14

Pyuria, urgency     N/A              
	N/A

N/A
	None

Bone

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	Krishnan  et al[16]
	48       M
	Fever              6
	Hyperdense nonenhancing mass
	None

	Bégin  et al[18]
	43        M
	None              3.5       
	Homogeneous solid
	None

	Kurl  et al19]
	62         F
	flank pain          9     
	Nonenhancing solid and cystic mass with calcification, hemorrhage
	Liver

	
	
	
	
	

	Gedaly  et al[21]].



	 45      N/A

	Abd. pain          8
	Solid mass with calcification
	LN, Liver

	Mekeown et al[22]
	33        M
	Hematuria         5 
	Minimal enhance, calcification
	None

	
	
	
	
	

	Present case 
	21         M      
	None        8 x 6
	Solid and cystic mass with well enhancement 
	None


LN: lymph node.
