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Summary

Primary neuroendocrine (NE) tumors of the kidney (PNRTs) are rare and frequently mistaken for 

other renal and urothelial cancers. We evaluated morphological and molecular findings of 11 

PNRTs classified according to the World Health Organization classification of lung NE tumors. 

Patients included 5 men and 6 women with a median age of 50 years. These tumors occurred in 

the left (5/11), right (3/11), and horseshoe (1/11) kidney. The histologic patterns were 

predominantly solid, trabecular, and pseudoglandular. Lymphovascular invasion and calcification 

were found in 3 and 1 cases, respectively. There were 2 atypical and 9 typical carcinoids. At the 

time of surgery, 2 patients with atypical carcinoids had hepatic metastasis, and 1 of the typical 

carcinoid patients had lymph node metastasis. All cases showed <1% proliferative rate, except 2 

cases with hepatic metastasis, which showed 3% to 5% with MIB1/Ki-67 immunostaining. 

Immunostainings were frequently positive for synaptophysin, chromogranin, CD56, CD99, and 

neuron-specific enolase. Follow-up data (average 4 years) were available for 6 patients. Two 

patients with distant metastasis were alive with disease, and four patients with no metastasis were 

alive without disease. We evaluated the association of PNRT and loss of heterozygosity (LOH) on 

chromosome 3p21 and found LOH in 2 of 3 cases. However, the comparative genomic 

hybridization study (2/2) did not demonstrate significant chromosomal imbalances. We conclude 

that PNRTs are positive for NE markers and may have LOH on chromosome 3p21. PNRTs should 

be classified as NE tumors in other sites, and proliferative rate can be an indicator of aggressive 

behavior/metastasis.
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1. Introduction

Primary neuroendocrine tumors of the kidney (PNRTs) were first described by Resnick and 

coworkers in 1966 [1]. Since then, not more than 100 cases have been reported in the 

literature [2]. The cellular origin of these malignancies remains unclear. It is possible that 

tumor cells may originate from unrecognized or entrapped neural crest cells in the 

metanephros during embryogenesis, from neuroendocrine (NE) differentiation of primitive 

totipotential stem cells, preexisting NE cell hyperplasia from metaplastic/teratomatous 

epithelium, or that they arise in association with other congenital renal abnormalities such as 

horseshoe kidney [3-6] and polycystic kidney disease [7-11]. The histologic features of 

PNRTs are similar to those of NE tumors found at other anatomic locations [12]. Only a few 

PNRT cases have been analyzed by a limited method of molecular analysis [6,13,14], and 

the underlying mechanisms of the association with other abnormalities are still not well 

understood [3-5,7,8,10,15-20].

Hansel et al published a study on 21 PNRTs, stating that this neoplasm occurs in patients 

with an average age of 52 years and equal gender distribution [14]. Although patients may 

present with regional lymph node or distant organ metastases, they usually follow a 

prolonged clinical course [14]. PNRT tumors are frequently unrecognized because they are 

unusual and have morphologic features that resemble other renal lesions. In this study, we 

examined 11 cases of PNRTs to further elucidate the morphological and molecular findings 

associated with these tumors.

2. Material and methods

2.1. Morphology and immunophenotypic studies

Eleven cases of primary renal neuroendocrine tumors were obtained from the files of the 

National Cancer Institute between 2001 and 2011. All clinical records as well as pathology 

materials were available for review. The tumors were classified according to the World 

Health Organization (WHO) classification of lung NE tumors [21]: well differentiated 

(typical carcinoid), well differentiated (atypical carcinoid), and poorly differentiated (large/

small cell carcinoma). This classification is based mainly on mitotic activity. Tumor with 

fewer than 2 mitosis per 2 mm2 or 10 HPF (high-power fields) and lacking necrosis is 

categorized as a typical carcinoid, and tumor with 2–10 mitosis per 2 mm2 or 10 HPF and/or 

foci of necrosis is classified as atypical carcinoid. The poorly differentiated tumors are 

subclassified into small and large cell NE tumors. Both of them have a mitotic rate >10 per 

10HPF and almost always with necrosis. These poorly differentiated tumors are 

subclassified depending on the size of tumor cells. The small cells are usually less than 3× 

diameter of a lymphocyte, and cytoplasm is very scant compared to large cell 

neuroendocrine tumor.
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Hematoxylin and eosin–stained slides were reviewed in all cases by two pathologists (P.P.A. 

and M.J.M.). Representative blocks from each case were selected for immunohistochemical 

studies using antibodies against CD56 (neural cell adhesion molecule), synaptophysin, 

chromogranin, inhibin, glucagon, somatostatin, insulin, pancreatic polypeptide, gastrin, 

neuron-specific enolase (NSE), p53, cytokeratin 7, renal cell carcinoma marker, CD10 

(common acute lymphocytic leukemia antigen), CD99 (MIC2), MIB1 (antibody against the 

Ki-67 antigen), Wilms tumor protein (WT1), epithelial membrane antigen (EMA), vimentin, 

myogenin, pankeratin, leukocyte common antigen (LCA), cytokeratin 20, and thyroid 

transcription factor (TTF1). Immunohistochemical results were interpreted as negative or 

positive.

The percentage of reactive nuclei (MIB1 labeling index) was calculated as the estimated 

number of positive cells divided by the estimated number of total cells multiplied by 100.

2.2. Genetic studies

Loss of heterozygosity (LOH) analysis of the 3p12-3p21 region, using polymerase chain 

reaction (PCR), was performed in 3 cases. Polymerase chain reaction amplification was 

performed utilizing the specific markers D3S1560, D3S1597, D3S1317, D3S1038, and 

D3S1110. Tumor and corresponding normal kidney tissues were manually microdissected 

under direct light microscope visualization. Briefly, unstained formalin-fixed, paraffin-

embedded 5-μm-thick tissue sections were prepared on glass slides, deparaffinized, and air 

dried. One section was stained with hematoxylin and eosin. Tumor and normal cells were 

selected from each air-dried slide and microdissected using a disposable, 30-gauge needle.

Procured cells were immediately resuspended in a 20 mL solution containing 50 mmol Tris 

(pH 8.5), 1 mmol EDTA (pH 8.0), 0.5% Tween (Sigma, St. Louis, MO), and 10 mg/ mL 

proteinase K (pH 8.0) and incubated for 72 hours at 60°C. The mixture was then boiled for 5 

min to inactivate proteinase K, and 1.5 L of this solution was used for PCR analysis. Tumor 

and normal DNA from each case was subjected to heating for 9 min at 95°C followed by 35 

cycles of PCR under the following conditions: 60°C for 2 min, 94°C for 1 min, followed by 

an extension step of 1 cycle at 72°C for 5 min.

PCR was performed in 10 L reactions containing 1 L 10× PCR buffer (100 mM Tris–HCl, 

pH 8.3 [at 25°C]; 500 mmol KCL; 15 mmol MgCl2; 0.01% gelatin); 0.8 L each of 20 mM 

deoxycytidine triphosphate, deoxyguanosine triphosphate, deoxythymidine triphosphate, and 

deoxyadenosine triphosphate; 5.6 L millipore water; 0.4 L of 50 pM of each primer; 0.2 L 

[32P] deoxycytidine triphosphate (6000 Ci/mmol/L); and 0.1 U of Taq DNA polymerase 

(AmpliTaq Gold, 250 U, 5 U/mL; Perkin Elmer, Norwalk, CT). Labeled amplified DNA was 

mixed with an equal volume of formamide sample buffer (238 mL formamide, 0.25% 

bromophenol blue, 0.25% xylene cyanol, and 12 mmol EDTA pH 8.0). The samples were 

denatured for 5 min at 94°C and loaded onto a 6% acrylamide gel. Samples were 

electrophoresed at 1800 V for 2 hours, and gels were transferred to 3-mm Whatman paper 

and dried for 1 h at 80°C, and autoradiography was performed with Kodak X-OMAT film 

(Eastman Kodak, Rochester, NY). A locus was considered informative for a particular 

patient when the constitutional DNA from that patient displayed two different alleles 

(heterozygous at that locus), and LOH was present when one of the 2 polymorphic alleles 
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present in the normal tissue DNA was absent or reduced in the tumoral DNA by at least 

60%.

Comparative genomic hybridization (CGH) was also done to evaluate the presence of 

genetic gains or losses in two of three PNRT cases that were also studied for LOH analysis. 

Tumor DNA was extracted under histological guidance from formalin-fixed paraffin-

embedded tissue blocks. Extracted DNA was profiled for chromosomal aberrations using 

Agilent 4×180K oligonucleotide arrays (Agilent Inc, Santa Clara, CA), and image data were 

analyzed with Nexus 5.0 software (Nexus, Okland, CA) using standard settings. CGH plots 

were visually analyzed for regions of gross chromosomal aberration.

3. Results

3.1. Demographic and clinical findings

Patient demographics are summarized in Table 1. Briefly, patients ranged in age from 35 to 

65 years, with an average age of 50 years. There were 5 males and 6 females. The tumors in 

most patients were detected accidentally (80%), whereas 20% of the patients presented with 

signs or symptoms associated with the tumor, including back or flank pain, hematuria, 

enlarging abdominal mass, anemia, and weight loss. None of these patients had clinical signs 

or symptoms of carcinoid syndrome or familial history of renal or other cancers. In one 

patient, the tumor occurred in a horseshoe kidney.

Two patients underwent radical nephrectomy with lymph node dissection, and nine patients 

underwent partial nephrectomy. Laterality was left in 5 of 11 cases (53%), right in 3 of 11 

(47%), a horseshoe kidney in one case, and unknown in 2 patients. No other tumor masses 

were clinically or radiographically identified in the majority of patients, which was 

consistent with a primary renal tumor. At the time of initial surgery, distant metastasis to the 

liver was seen in 2 patients, and 1 patient had metastatic disease to a regional lymph node.

3.2. Pathologic findings

All of the tumors were single mass (n = 11/11) affecting different areas including the upper 

pole (n = 4/8), lower pole (n = 3/8), and renal pelvis (n = 1/8). Location was unknown in 3 

cases. Tumor size ranged from 3.2 to 11 cm (average, 7.1 cm). The two atypical carcinoids 

with hepatic metastasis were 10 and 11 cm, whereas one typical carcinoid with lymph node 

metastasis was 5.2 cm. The tumors were classified based on the mitotic figures according to 

the WHO classification of NE tumors of lungs. All tumors were well-differentiated 

carcinoids, 9 (82%) typical and 2 (18%) atypical, with 3 and 5 mitosis per 10 HPF, 

respectively. There were no poorly differentiated neuroendocrine (small/ large cell) 

carcinomas.

Most of the cases showed clear demarcation between tumor and adjacent renal parenchyma 

(n = 9/11; 82%). The two remaining cases, which had hepatic metastasis, revealed 

microinfiltration into the surrounding renal parenchyma, and lymphovascular invasion was 

found in the cases with distant metastasis The predominant histologic patterns of tumor 

consisted of trabecular with ribbon-like appearance (Fig. 1A), solid (Fig. 1B), and 

pseudoglandular. NE tumors are mainly composed of uniform polygonal cells with scant to 

Aung et al. Page 4

Hum Pathol. Author manuscript; available in PMC 2020 October 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



moderate amount of eosinophilic cytoplasm, round to elongated nuclei with salt and pepper 

chromatin, and inconspicuous nucleoli. Small focal calcifications were present in 1 of 11 

cases (9%) (Fig. 2). Most tumors demonstrated 0–2 mitoses/10HPF (9/11), although a few 

demonstrated up to 5 mitoses/10HPF (2/11). None of the cases exhibited areas of necrosis.

3.3. Immunohistochemical findings

The results of immunohistochemical stains are summarized in Table 2. Synaptophysin was 

the most commonly positive marker (n = 11/11; Fig. 1C). In addition, expression of 

chromogranin (8/11), CD56 (5/5), CD 99 (1/1), NSE (1/1), CD10 (1/2), vimentin (1/1; 

focally), inhibin (1/1; weakly), and pankeratin (1/3; weakly and focally) was detected. 

Immunostains for TTF-1 (n = 2), glucagon (n = 2), somatostatin (n = 1), insulin (n = 4), 

gastrin (n = 2), pancreatic polypeptide (n = 2), p53 (n = 1), WT1 (n = 4), EMA (n = 2), 

vimentin (n = 1), myogenin (n = 1), LCA (n = 1), cytokeratin 7 (n = 4), cytokeratin 20 (n = 

4), TTF1 (n = 2), renal cell marker (n = 1), and S100 (n = 1) were negative. MIB1 

immunostaining was available in five cases; staining of tumor cells (<2%) was seen in 3 

cases, which included the one with lymph node metastasis, and 3% and 5% staining (Fig. 

1D) were seen in 2 cases with distant metastasis to liver.

3.4. Genetic findings

We performed microdissection and DNA extraction in tumor and respective normal renal 

parenchyma of three cases for LOH analysis of the 3p12-3p21. Two of three cases (67%) 

showed LOH on chromosome 3p21 (Fig. 3) similar to a clear cell renal carcinoma. CGH 

was done in two of these three cases to evaluate the presence of genetic gains or losses, but 

no significant chromosomal imbalances were detected (Fig. 4).

3.5. Clinical outcome

Clinical followed up data were obtained for 6 patients, ranging from 2 to 6 years (average, 4 

years). One patient had metastatic disease to a local para-aortic lymph node (n = 1/11). Four 

of the 6 patients (67%) are still alive with no evidence of recurrent/residual disease. Two of 

the patients (33%), with distant metastasis to the liver, are still alive with disease.

4. Discussion

The pathogenesis of renal neuroendocrine tumors is still unknown. Guy et al reported that no 

neuroendocrine cells were detected in kidneys of children and fetuses and could not validate 

the hypothesis that the origin of neuroendocrine tumor cells is entrapped/misplaced 

progenitor cells during organogenesis [16].

Primary neuroendocrine tumors of the kidney are rare and frequently misdiagnosed with 

other kidney and urothelial cancers such as papillary type 1 renal cell carcinoma, 

mesonephric tumors, Wilms tumor, or undifferentiated carcinoma. Although PNRTs 

demonstrated the relatively characteristic appearance of typical carcinoid tumors, a high 

occurrence of misdiagnosis was found in the submitted cases of our study, most probably 

due to the uncommonness of this disease. We found that most of the misdiagnoses were 

caused by the morphologic similarities of primitive neuroendocrine tumor to other renal 
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malignancies, lack of suspicion for this entity, and insufficient ancillary studies such as 

immunostainings.

The patients in our study were evenly divided between men and women. Renal carcinoid 

tumor appeared to present at a younger age than usual renal cell carcinoma, with many 

patients in our study presenting at approximately 50 years of age as previously reported 

[14,22]. One patient had a horseshoe kidney from which the renal carcinoid appeared to 

arise, which was similar to prior reports [18,22]. One study reported that 73.6% of the 

tumors >4 cm had metastases [22]. The majority of our cases were <5 cm in tumor size 

(8/11). The only exceptions were tumors from the patients with distant metastasis (2/11), 

which were 10 and 11 cm in size, and one tumor with a lymph node metastasis (1/11), which 

was 5.2 cm in size.

Prior studies demonstrated that the most common clinical presentation of PNRT was tumor-

related symptoms, commonly flank/back pain [22]. However, the NE tumors in most of our 

patients (80%) were discovered incidentally on workup for other conditions. In our study, 

most of the tumors (9/ 11) demonstrated very low metastatic rate with prolonged survival. 

None of the patients had distant metastatic disease at the time of initial diagnosis. Previous 

reports have documented the development of metastatic disease in patients with renal 

carcinoid tumor [14,17,19,23-25]. A few studies have correlated poor patient outcomes with 

increased mitotic activity and cytologic atypia within the renal carcinoid tumor [14,26]. 

Similar to the previous findings, in our study, although most of the cases demonstrated low 

mitotic rates, ranging from 0 to 2 per 10 HPF, the 2 cases with hepatic metastasis 

demonstrated the highest mitotic rate (3-5 mitoses/10 HPF).

Immunohistochemical stainings were consistent with the diagnosis of neuroendocrine tumor, 

with the majority of cases demonstrating strong immunoreactivity for synaptophysin, 

chromogranin, CD56, and NSE. In addition, CD99 positive expression was seen in one of 

the cases examined, which supports the previous finding that CD99 expression was seen in 

almost all cases of renal carcinoid [27]. This CD99 positivity made it more difficult to 

differentiate this rare tumor from primitive neuroendocrine tumors. One of the main 

differential diagnoses of PNRTs is type 1 papillary renal cell carcinoma especially with a 

compact tubulopapillary histologic pattern. In PNRT, absence of papillary architecture with 

fibrovascular core frequently with foamy histiocytes and negative expression of cytokeratin 

7 immunostain are helpful to differentiate from type 1 papillary renal cell carcinoma. 

Moreover, absence of WT 1 immunostain in PNRT can exclude other morphologic 

differential diagnoses, adult Wilms tumor and nephrogenic rests. Paraganglioma, one of the 

differential diagnoses, is differentiated by the absence of S100 positive sustentacular cells. 

Cytokeratin 7, cytokeratin 20, TTF 1, and LCA were negative in all cases studied, ruling out 

a gastrointestinal/ lung metastasis or lymphoma. In addition, the loss of staining by gastrin, 

somatostatin, glucagon, insulin, and pancreatic polypeptide also excludes metastatic 

neuroendocrine tumors from the gastrointestinal tract. Neuroendocrine phenotype was 

supported by the focal staining of vimentin in one examined case. Negative staining for 

CD56 and positive staining for CD57 and pankeratin of mesonephric tumors may be helpful 

to differentiate them from this rare entity.
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Molecularly analyzed data in PNRT are limited. Two previous reports have documented a 

loss of heterozygosity at the D3F15S2 locus of 3p21 in one case [6]. In our study, LOH of 

the 3p12-3p21 region was found in 2 of 3 cases, suggesting a possible common genetic 

event in the molecular genesis of PNRT tumors as in the most common renal cell carcinoma, 

clear cell type. No specific genetic gains or losses were identified in the CGH study, which 

may be explained by lack of specificity of the technique.

In conclusion, this study reports 11 well differentiated primary renal carcinoid tumors. This 

neoplasm often occurs in patients around 50 years of age, affects male and female patients 

with equal frequency, and appears to present with tumor-related symptoms. 

Morphologically, PNRT is consistent with carcinoid tumors present at other anatomic sites. 

A small percentage of these patients may present with regional lymph node metastases or 

distant organ metastases but usually have a prolonged clinical course despite distant 

metastatic disease. None of the tumors <5 cm or ≤2 mitosis/ 10 HPF reveal distant 

metastasis. One of the renal PNRTs arose from a horseshoe kidney. The tumors are positive 

for neuroendocrine markers and may have LOH on chromosome 3p21 similar to a clear cell 

renal carcinoma. No significant chromosomal imbalances were found in the CGH study. In 

this rare primary neuroendocrine tumor of kidney, the WHO classification of NE tumor used 

in other organs should be used, and a high proliferative rate is an indicator of aggressive 

behavior or metastasis of these tumors.
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Fig. 1. 
Representative figure (H&E) of primary neuroendocrine tumor of kidney: PNRT with 

trabecular appearance (A) and solid (B). Synaptophysin (C) and MIB1 (D) in a PNRT with 

liver metastasis and high mitotic index (5%) (A-D: original magnification ×20). 

Abbreviation: H&E, hematoxylin and eosin.
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Fig. 2. 
Representative figure of focal calcification in primary neuroendocrine tumor of kidney 

(H&E; A: original magnification ×4; B: original magnification ×20).
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Fig. 3. 
Representative figure of semi-automated assessment of LOH using the D3S1597 marker. 

The peak heights in fluorescent units are shown on the Y-axis on the left. A, Amplification 

from normal adjacent renal parenchyma cells demonstrating two alleles. B, An example of a 

complete allele deletion (LOH) in tumor cells from the same patient. Tumor cells 

demonstrate only the second allele. LOH was calculated by comparison of the allele ratio of 

normal cells with the allele ratio in tumor cells (521/3284). The criterion for LOH was at 

least a 60% reduction of the lesional allele, with the subsequent modification of the allele 

ratio.
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Fig. 4. 
Representative figure of CGH array analysis.
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Table 1

Patient demographic information

Clinicopathologic features Findings

Patient age (y), range (mean) 35-65 (50)

Clinical presentation 11/11

 Incidental 8/11

 Abdominal mass 2/11

 Flank/back pain 3/11

 Hematuria 2/11

 Anemia 1/11

 Weight loss 1/11

Laterality 9/11

 Left 5/11

 Right 3/11

 Horseshoe 1/11

Location 8/11

 Upper pole 4/8

 Lower pole 3/8

 Renal pelvis 1/8

Metastasis at surgery 3/11

 Lymph node 1/11

 Liver 2/11

Patient with clinical follow up 6/11

 Alive with disease 2/11

 Alive without disease 4/11

Sex (M/F) 5:6

Tumor size (cm) 3.2-11
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Table 2

Summary of immunohistochemical findings

IHC stains Positive Negative

Chromogranin 8/11 3/11

Synpatophysin 11/11 0

CD56 5/5

CD99 1/1

 NSE 1/1

Inhibin 1/1 (weak)

Glucagon 2/2

Somatostatin 1/1

Insulin 4/4

Gastrin 2/2

Pancreatic polypeptide 2/2

P53 1/1

 WT1 4/4

 EMA 2/2

Vimentin 1/1 (focal)

Myogenin 1/1

Pankeratin 1/3 (weak &focal) 2/3

 LCA 1/1

CK7 4/4

CK20 4/4

 TTF1 2/2

CD10 1/2 1/2

Renal cell marker 1/1

S100 1/1

MIB1

 ≤2% 3/5

 ≥5% 2/5

Hum Pathol. Author manuscript; available in PMC 2020 October 15.


	Summary
	Introduction
	Material and methods
	Morphology and immunophenotypic studies
	Genetic studies

	Results
	Demographic and clinical findings
	Pathologic findings
	Immunohistochemical findings
	Genetic findings
	Clinical outcome

	Discussion
	References
	Fig. 1
	Fig. 2
	Fig. 3
	Fig. 4
	Table 1
	Table 2

