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Signalment:
An 8-year-old castrated male Miniature Pinscher
Clinical History:
An 8-year-old castrated male Miniature Pinscher presented with hematuria and elevated renal indices for more than 1 month. A left sided renal mass was noted on abdominal radiography and ultrasonography. Swelling of the gingiva was noted shortly afterwards. Both the abdominal and gingival masses were excised after a blood transfusion for severe anemia. 
Gross Findings:
Grossly, the renal mass, measured 12 x 12 x 13 cm in size, and was a partially encapsulated irregular solid mass with obvious nodular protrusions. The texture was firm and the color was generally white with dark red mottling and irregular depressions. The small-sized specimens from the gingiva, measuring 0.5 x 0.7 x 1 cm, were irregular in shape, beige to tan with dark red spots, and firm.

CASE RESULT
Histopathologic Findings:
Microscopic examination revealed a partially encapsulated, poorly demarcated, and lobulated invasive neoplasm replacing and compressing the renal parenchyma. The neoplasm was composed of a disorganized mixture of three distinct elements, mainly blastemal elements with minor epithelial or mesenchymal differentiation. The blastemal element was composed of polygonal neoplastic blastemal cells arranged in sheets, nests, and ribbons. These cells had a scant amount of indistinctly bordered eosinophilic cytoplasm, and contained a round to oval vacuolar nucleus with indistinct nucleoli. The epithelial element was composed of cuboidal to columnar cells arranged in infolded tubules and occasional projected tufts into lumina, forming “primitive glomeruli”. Separating and surrounding the aforementioned two elements was the mesenchymal component of spindle cells loosely arranged in poorly delineated streams. The mitotic rates of the neoplastic blastema, epithelial, and mesenchymal cells were 7-8, < 1, and < 1 per 400× field, respectively. There were multiple areas of hemorrhagic necrosis, corresponding to the dark red foci and depression seen grossly. The gingiva masses shared histological features similar to those of the primary renal nephroblastoma, suggestive of a distant metastasis.
Morphological Diagnosis:
1. Renal nephroblastoma, blastema-predominant, renal mass
2. Carcinoma, histogenesis undetermined, gingival mass
Differential Diagnosis:
	The differential diagnosis of gingiva mass includes primary gingival tumor and metastatic neoplasm from renal mass.
Immunohistochemical (IHC) staining: 
To identify the origin of the renal and gingival masses, IHC for cytokeratin (CK), vimentin, and PAX-8 was performed. All of the internal controls from the normal feline tissues for the monoclonal antibodies used in the present case were positive, indicative of good quality of IHC staining for targeted cell markers. Neoplastic cells from both the kidney and gingiva showed similar positive patterns for CK, vimentin, and PAX-8. Some foci of the blastemal cells were positive for CK. Most areas showed positivity for vimentin and PAX-8 (Figs. 4 A, B, C). These results are consistent with the gingival neoplasm being a metastasis of the renal nephroblastoma.
Final Diagnosis:
Renal nephroblastoma, blastema-predominant with metastasis to gingiva, renal mass

DISCUSSION
Three cell types, epithelial, mesenchymal, and blastemal, are present in a classic “triphasic” nephroblastoma. Renal nephroblastomas tend to occur in juvenile dogs;3 however, a variety of cases typically affect middle-aged dogs of median age of 8 years, generally without breed or sex predilection.3,5,15,17 One or both kidneys may be affected by nephroblastomas, and both kidneys can be fused into a single large mass.2,5,13,22 Ectopic foci of nephroblastomas involving the spinal cord may also be an origin of the neoplasm (spinal nephroblastomas).2,5,13,22 Spinal nephroblastomas commonly occur in dogs from 6 months to 7 years of age and are thought to originate from the metanephric blastema or from a persistent nephrogenic rest that are trapped in the dura during development.2,9,13,22
Half of previous canine cases of renal nephroblastoma have widespread metastases, and metastatic sites may include the contralateral kidney, lung, liver, adrenal, ovary, thymus, mesentery, lymph nodes, thyroid, spinal cord, and bone.3,4,9,15,17,20 To the authors’ knowledge, this is the first report of gingiva metastasis from a primary renal nephroblastoma. This gingival nephroblastoma was further confirmed by positive immunoreactivity with PAX-8, indicative of a renal origin (Fig. 4). PAX-8-positive tumors may be of renal, Mullerian, thymic, and thyroid origin.12,18 In the present case, the major blastemal element readily ruled out those non-renal origins. The similar expression pattern of CK, vimentin, and PAX-8 between masses of both locations was also supportive of its renal origin. The metastasis most likely occurred hematogenously, which is suggested by emboli of neoplastic cells in the renal vasculature and severely dilated vascular lumens in the superficial lamina propria of the gingiva.
A previously reported blastema-predominant canine nephroblastoma had the blastemal element but lacked the glomeruloid-like structures.21 In the present case, blastemal cells expressed both vimentin and scattered CK markers, implicating an antigenic shift from vimentin to CK and resembling the mesenchymal-epithelial transition (blastemal to tubular or glomerular) that occurs in normal organogenesis.19 In humans, the presence of nephrogenic rests (NRs), which are foci of persistent nephrogenic cells resembling those of the developing kidney, represents failure maturation of fetal tissue to normal renal parenchyma and has been considered as a precursor lesion of renal nephroblastoma.1,14 The NRs can be categorized into perilobar (located at the periphery of the renal lobes with predominance of blastemal cells) and intralobar (located in the cortex or medulla of the renal lobe with predominance of stroma element), and may be single, multiple, or diffuse.1,6,7,14 Furthermore, multiple or diffuse NRs are also called as nephroblastomatosis.7,14 NRs can be classified by their histologic feature as 1) dormant or nascent, 2) maturing, sclerosing, and obsolescent, 3) hyperplastic, and 4) neoplastic.1,7,13 Dormant or nascent NRs are small-sized and composed of blastema with extremely rare mitotic figures, and maturing, sclerosing, and obsolescent NRs usually show differentiation into stromal and epithelial cells with hyalinization of stroma.7 The hyperplastic NRs are usually macroscopic lesions with nodular growth pattern and composed of blastemal, embryonic, or sclerosing regions.7 Neoplastic NRs can be subclassified into adenomatous and nephroblastomatous types, and are thought to give rise to or synonymous with nephroblastoma.1,7,14 
Histopathological features (favorable or unfavorable) and clinical stages (from I to V) are the two most significant prognostic factors in human renal nephroblastomas.10,11,16 Tubular and glomerular differentiation indicates a good prognosis, whereas anaplasia and sarcomatous stroma are associated with metastasis and poor prognosis.5,11,16 Anaplasia is present in about 5% of human renal nephroblastomas with focal or diffuse distribution in histology. To identify unfavorable histology (Table 1),17 three criteria have to be met: 1) nuclei enlarged to at least 3 times the size of adjacent nuclei of the same cell type; 2) marked hyperchromasia of the enlarged nuclei; 3) multipolar mitotic figures, in contrast to bipolar mitotic figures in normal cell division. The present case did not match these features of anaplasia. However, the blastemal cells were primitive and mitotically active with aggressive growth, signifying a higher risk of malignancy.11 The present case was classified as stage IV with favorable histology due to the hematogenous metastasis to gingiva but a lack of histological anaplasia. The present animal was found dead in a follow-up conducted 4 months later, without necropsy, so the exact survival time is unknown. Even so, our meta-analysis by using previously reported cases of canine renal nephroblastomas4,8,9,15-17,20,21,23 suggests clinical staging was significantly correlated with survival time (P=0.0143, Log-rank (Mantel-Cox) test; GraphPad Software, CA, USA; n=10), but there was no statistically significant correlation between histopathological features and survival time (P=0.9002, Log-rank (Mantel-Cox) test; GraphPad Software, CA, USA; n=10). Other factors include the age of onset (pediatric patients tend to have poorer prognosis), tumor size and rate of growth, pathologic subtypes, complete or incomplete resection of kidney or accompanied ureter or regional lymph nodes, therapy protocol, postoperative care, side-effects of therapy and surgery, paraneoplastic syndromes, concurrent neoplasia, etc. may independently or interactively influence the outcome of survival time.
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